39092 05496001 0 


A 57.6/2: W 99/Handbook 






W YOMING 


Ul/l X 


Tm 


ENGINEER! SI G IIAOBODK 


for 


Work U n i t Staffs 



U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

CASPER, WYOMING 

WYUJCATi 













































Wyoming Engineering Handbook for Work Unit Staffs 
- Soil Conservation Service - 


Table of Contents 


Handbook 

1 - Surveying 

2 - Data Sheets 

3 - Estimating Runoff 

4 - Terracing 

5 - Vegetated Outlets and Waterways 

6 - Diversion Ditches 

7 - Drainage 

8 - Irrigation 

9 - Earth Dams and Dugouts 

10 - Spring Development and Hydraulic Rams 

11 - Wells and Pumps 

12 - Grade Stabilization 

13 - Stream Bank Protection 

14 - Water Spreading 

15 - Structures 

16 - Hydraulics 

17 - Contour Farming and Contour Strip Cropping 

18 - Contour Furrows and Pitting on Pasture and Range Land 

[19 - missing] 

20 - Concrete 


Appendix 1 - Earthwork and Hydraulic Tables 
Appendix 2 - Standard Structural Plans 



CONTENTS 


PART 1 


SURVEYING 

Subject Page 

1. General 1-1 


Introduction-—----—--- 1-1 

Purpose-—-—-—-- 1-1 

Scope -—-————-- 1_1 

Definition —-————---——-—-— 1-2 

Level Surface ——————-- — 1-2 

Horizontal Plane- — 1-2 

Horizontal Line -—-———-——- 1-2 

Horizontal Angle-----—- 1-2 

Vertical Line —-----—--- 1-2 

Vertical Plane —---—--——- 1-2 

Vertical Angle —----— -———--- 1-2 

Horizontal distances --- 1-2 

Elevation of a point —-——-—-—-—— 1-3 

Difference in elevation-—-—-—- 1-3 

2. Surveying Equipment 1-3 


Engineers transit-—-—-—-—— 1-3 

Engineer's level --—---—-- 1-3 

Range pole, flag pole, or flag------ 1-6 

Tapes or chains --——-——————-— 1-6 

Chaining pins or Arrows-----—-—— 1-6 

Level Rod -- 1-6 

Stadia Rod-— -----———— 1-6 

Target-—-----—--- 1-6 

Plane Table and Alidade ——-----—-—— 1-6 

Hand Level ———————-——-— -———- 1-6 

Abney Level or Clinometer --——---- 1-10 

Planimeter ——- 1-11 

3» Surveying Terms 1-11 


Chaining- 1-11 

Flagman- 1-11 

Rodman-----—--- 1-11 

Back sight-- 1-11 

Foresight---------—-— 1-12 

Hub- 1-12 

Line- 1-12 

Turning Point ——-——---—- 1-12 

Bench Mark-*- 1-12 





































U. Hand Signals 


5. Measurement of Horizontal Distances 1-15 


Pacing---——-——-— --—- 1-15 

Chaining —-——-—-—-—— 1-15 

Stadia-—--—---—-—- 1-18 

6 , Care of Equipment 1-18 


Transportation and Storage —-—-— ---—- 1-18 

Field Care- 1-19 

7. Setting up Instruments 1-20 


Engineers Level ——————————————— 1-20 

Engineers Transit -—————————————— 1-21 

Measuring horizontal angles--—-- 1-23 

Measuring vertical angles-——-——-—— 1-2U 

Plane Table and Telescopic Alidade- 1-2U 

6 . Cleaning, Inspecting and Lubricating Instruments 1-27 


Clamps that Bind ——------- 1-28 

Seizure of Limb and Verniers ---——---— 1-28 

Spindles and Sockets--—---- 1-28 

Lenses ———————---————- 1-29 

Axle Bearings ————-—-—-——— 1-29 

Binding or Freezing ————--— ---- 1-29 

Graduations-----————- 1-29 

Leveling Screws —----- 1-29 

Tripods, rods and tapes-——————-—-— 1-29 

Repair —-———-—---——-- 1-29 

9. Adjustment of Instruments 1-30 


Adjustment of the Transit--— ------—— 1-30 

Plate Bubbles--- 1-31 

Vertical Cross Hair —---————-- 1-31 

Horizontal Cross Hair -———-———-———— 1-32 

Standards -——-—-—-————-—— 1-33 

Telescope Bubble--——— ---- 1-3U 

Adjustment of the Level -———————-——— 1-3U 

Wye Level -—— ----- 1-36 

Dumpy Level —————-——-—- —- I -39 

Hand Level-—--.- l-Uo 

Adjustment of the Plane Table Alidade —--———— l-Uo 

10. Survey Field Motes l-ii2 


Form-------- 1-U2 

Indexing ————-—-—-————--—— 1-^3 



































11. Types of Surveys 1-1*3 


Differential Leveling -- —- 1-1*3 

Procedure-—----- 1-1*1* 

Precision-———-—-—- — 1-1*8 

Profiles and Cross Sections —————---—- 1-1*9 

Vertical Curves---——-—-——- 1-58 

Traverse or Route Surveys----- 1-61 

Procedure —-— -—-— --———-- 1-62 

Deflection Angle Traverse-——- 1-63 

Circular Curves —-——----—— 1-67 

Transit Stadia Traverse (Elevation not required) -——— 1-71 

Transit Stadia Traverse (Elevation required)--- 1-78 

Topographic Surveys-——--— 1-79 

Grid Survey —————-—- 1-79 

Setting Stakes ———--———--—- 1-82 

Plus Stakes ———-——-———--—— 1-83 

Bench ————---—-— 1-86 

Taking Elevations at Grid Points-—-— 1-86 

Land Leveling Grids- 1-86 

Plane Table Survey ——-- — 1-87 

Beaman Stadia Arc----—— 1-87 

1st Column - Distance-————- — 1-91 

2nd Column - Arc-——--- 1-91 

3rd Column - Product ----———-- 1-91 

l*th Column - Rod ———--————————-— 1-91* 

5th Column - Difference of Elevation —-- l-9l* 

6 th and 7th Column - Elevation of H.I. —-—— 1-9U 

Slope Staking ——-——...—-——— 1-95 

12. Examples of Surveys for Conservation Structures 1-102 


Stock Water Dams —-———-— 1-102 

Grade Stabilization Structures —————-—— 1-101* 

Large Optn Ditch Surface Drains ———-——— 1-107 

Small Farm Surface Drains ——————-—- 1-112 

Layout Surveys for Structures ———--- 1-117 

13. Land Surveys (General) 1-119 


Scheme of Subdivision 


1-119 









































LIST OF FIGURES 


PART 1 
SURVEYS 


Figure 

Number 

Title 

Paae 

1.1 

Engineer’s Transit 

1-1* 

1.2 

Wye Level 

1-5 

1.3 

Range Poles 

1-7 

i.a 

Tapes or Chains 

1-7 

1.5 

Chaining Pin or Arrow & Steel Carrying Ring 



for Arrows 

1-8 

1.6 

Stadia Rods & Leveling Rods with Target 

1-8 

1.7 

Alidade & Plane Table Tripod 

1-9 

1.8 

Abney Level and Hand Level 

1-10 

1.9 

Planimeter 

1-11 

1.10 

Code of Hand Signals 

1-13 

1.11 

Code of Hand Signals (numbers) 

1-lU 

1.12 

Breaking Chain 

1-17 

1.13 

One Minute Vernier set at 0° 

1-23 

i.ia 

One Minute Vernier 

1-23 

1.15 

Locating a point on Plane Table 

1-25 

1.16 

Solution of Triangle of Error (Plane Table) 

1-26 

1.17 

Solution of Triangle of Error (Plane Table) 

1-26 

1.18 

Adjustment of the Plate Bubbles 

1-31 

1.19 

Adjustment of the Cross-Hairs 

1-31 

1.20 

Adjustment of the Cross-Hairs (2nd Part) 

1-32 

1.21 

Adjustment of the Standards 

1-33 

1.22 

Adjustment of Level (Two Peg Method) 

1-35 

1.23 

Adjustment of the Cross Hairs (2nd Part) 

1-37 

1.21* 

Adjustment of the Bubble Tube by Indirect Method 

1-38 

1.25 

Adjustment of the Wyes 

1-39 

1.26 

Method Differential Leveling 

1-1*5 

1.27-1 

Survey Notes - Differential Leveling 

1-1*6 

1.27-2 

Survey Notes - Differential Leveling 

1-1*7 

1.28-1 

Profile and Cross Section Notes 

1-51 

1.28-2 

Profile and Cross Section Notes 

1-52 

1.28-3 

Profile and Cross Section Notes 

1-53 

1.28-1* 

Profile and Cross Section Notes 

1-5U 

1.29-1 

Profile Notes 

1-56 

1.29-2 

Profile Notes 

1-57 

1.30 

Sample Vertical Curve 

1-60 

1.31 

Tabulation of Vertical Curve Data 

1-61 

1.32 

Ties to Traverse Station 

1-62 

1.33 

Deflection Angles 

1-63 

1.3U-1 

Notes Deflection Angle Traverse 

1-65 

1.3U-2 

Notes Deflection Angle Traverse 

1-66 

1.35 

Circular Curves in Traverse Survey 

1-67 


1.36 Elements of Circular Curve 1-66 

1.37 Layout of Circular Curve 1-70 

1.38- 1 Field Notes for Circular Curve 1-72 

1.38- 2 Field Notes for Circular Curve 1-73 

1.39 Azimuths from North 1-7U 

1.U0-1 Field Notes - Stadia Traverse Survey Horizontal 

Control 1-76 

1.U0-2 Field Notes - Stadia Traverse Survey Horizontal 

Control 1-77 

1.lxl—1 Field Notes - Stadia Traverse Survey Horizontal 

and Vertical Control 1-80 

l.iil-2 Field Notes - Stadia Traverse Survey Horizontal 

and Vertical Control 1-81 

l.h2 Grid Survey Rectangular Field 1-82 

1.U3 Grid Survey - Irregular Field 1—81i 

l.UU Plus Stakes in Grid Survey 1-85 

1.U5-1 Field Notes for Grid Survey 1-89 

1.U5-2 Field Notes for Grid Survey 1-90 

1.U6-1 Traverse Notes 1-92 

1.U6-2 Traverse Notes 1-93 

1.U7 Location of Slope Stakes 1-96 

1.U7-1 Location of Slope Stakes 1-97 

1.U8—1 Field Notes - Slope Staking for Dam 1-98 

1.U8-2 Field Notes - Slope staking for Dam 1-99 

1.U8-3 Field Notes - Slope Staking for Dam 1-100 

1.U8-U Field Notes - Slope Staking for Dam 1-101 

1.U9 Sample Plan of Storage Dam 1-105 

1.5b Sample Plan of Gully Control Structure 1-106 

1.51- 1 Terrace Notes and Large Drainage Ditch 1-109 

1.51- 2 Terrace Notes and Large Drainage Ditch 1-110 

1.52 Sample Plan Large Drainage Ditch 1-111 

1.53- 1 Field Notes Small Farm Drains 1-llli 

1.53- 2 Field Notes Small Farm Drains 1-115 

1.5U Procedure for Determining end areas by calculation 1-116 

1.55 Example of Setting Alignment Stakes and 

Reference Points 1-117 

1.56 Setting Grade Stakes for Structures 1-118 

1.57 Batter Boards for Tile 1-119 

1.58 Guide Meridian and Standard Parallels 1-121 

1.59 Township and Range Lines 1-121 

1.60 Numbering of Sections 1-122 

1.61 Subdivision of Regular Section 1-122 



1-1 


PART 1 
SURVEYING 
1. GENERAL 


Introduction 

Surveying is the science of measuring and establishing lines, distances, 
angles and elevations on or near the earth’s surface. Directions, positions, 
areas and volumes are thus determined from data of the survey. Also much of 
the information can be represented graphically by the construction of pro¬ 
files, cross-sections, maps and diagrams. Each survey will present specific 
problems; however, if the principles are properly mastered, the skilled sur¬ 
veyor will have no difficulty in applying the proper method. 

The surveyor must understand the limitations of the instruments he is 
using, the ever present possibility of errors affecting the process and 
mistakes due to carelessness. The precision and exactness necessary will 
change with the purpose of the survey; but whether the survey is rough or 
precise, sufficient checks must be applied both in field and in the prepa¬ 
ration of plans so that unjustifiable errors and mistakes are eliminated 
from the final results. 

It should be remembered that there can be no substitute for experience 
in surveying. Skill in surveying comes only with practice as in using a 
typewriter or driving an automobile. The beginner must continually review 
surveying procedures and conscientiously try to put them into practice, until 
the operations become very nearly automatic. Above all, he must not become 
discouraged by the initial mistakes. He must check and recheck his work 
until he is sure it is correct. It has been said, "A good engineer is one 
who assumes he is wrong, tries every way he can think of to prove he is 
wrona, and when he cannot thus prove he is wrong, cautiously concedes he may 
be right". 

Purpose 

The purpose of this part 1 of the handbook, is to provide: 

a. Detailed directions for the care and use of surveying instruments. 

b. Step-by-step description of practical methods of surveying 
applicable to soil conservation activities. 

c. Description of the methods used to gather basic information for 
the design of sound structures or for the movement of water at controlled 
velocities and the layout procedure for construction. 


The earth has a curved surface. The geometric figure most nearly like 
its shape is a spheroid. Surveys that cover such a small portion of the 
earth's surface that its curvature can be neglected are called "plane surveys". 
Surveys which cover a large portion of the earth's surface must take into 
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1. GENERAL (OONT'D) 


Scope (cont'd) 

account the curvature of the surface and are called "geodetic surveys". In 
plane surveying we assume that the earth's surface is a plane. It therefore 
follows that a level line or a line within a level surface is considered 
mathmatically straight (not curved), that the plumb lines are parallel to 
each other at any point within the limits of the survey and the angles are 
considered as plane angles. The great majority of surveys are of this type. 

The length of an arc eleven miles long lying on the earth's surface is 
only 0.05 ft. greater than the chord and the difference between the sum of 
the angles in a plane triangle and those of a spherical triangle is only one 
second for a triangle on the earth's surface covering an area of 75 square 
miles. Prom this it can be seen that the slope of the earth affects distance 
and angles only on surveys of large areas and great precision. 

There are many kinds of surveys such ass land surveys, topographic sur¬ 
veys, engineering surveys for construction, route surveys, underground sur¬ 
veys, aerial surveys and hydrographic surveys. This part of the handbook 
will explain only basic principles of plane surveying for land surveys, top¬ 
ographic surveys, engineering surveys and route surveys as they apply to 
practices installed by the Soil Conservation Service. 

Definition 

In surveying, expressions are used that should be defined so that we 
have a common understanding of what is meant. Listed and defined below are 
some of the terms commonly used in plane surveying. 

Level surface. This is a surface parallel with the spherical surface of 
the earth. The surface of a still lake is a good example. 

Horizontal plane. This is a plane which is tangent to a level surface. 

Horizontal line. Line which is tangent to a level surface. 

Horizontal angle. The intersection of two lines in a horizontal plane 
form horizontal angles. 

Vertical line. A line at right angles to a level surface. An example 
is the line established by the plumb bob. 

Vertical plane. This is the plane of which a vertical line is a com- 
ponent. 

Vertical angle. The angle formed by the intersection of two lines in a 
vertical plane. It is understood in surveying that one of these lines is 
horizontal and the vertical angle to a point is the angle in a vertical plane 
between the line to the point and the horizontal plane. 

Horizontal distances are the distances measured along a level line. 
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1. GENERAL (QONT'D) 


Definitions (cont'd) 


Elevation of a point. This is the vertical distance of the point above 
(or below) some arbitrarily selected level surface. This surface is called 
a "datum" or datum "plane". Most elevations are referred to mean sea level 
datum, which is the average level of the ocean between low and high tide. 

Difference in elevation. This is the vertical distance between two 
points. The procedure for determining this difference is called leveling. 

2. SURVEYING EQUIPMENT 


The main surveying instruments with accessories and uses are listed 
below: 

Engineers transit. This is a universal instrument, used primarily for 
measuring horizontal and vertical angles, prolonging or setting points in 
line, measuring approximate distances by the stadia principle and for level¬ 
ing operations. It can also be used as a compass when equipped with a com¬ 
pass needle. Horizontal and vertical plates graduated in degrees and frac¬ 
tions are provided for measurement of angles. They are mounted at right 
angles to the horizontal and vertical axis. Spirit levels are provided for 
leveling the horizontal plates. A telescope, equipped with a spirit level, 
is mounted at right angles on horizontal axis supported by two uprights 
(standards) attached to the upper horizontal plate. In use the instrument 
is mounted on a tripod, and is equipped with a small chain and hook to which 
a plumb bob can be attached. This provides a means of centering the instru¬ 
ment over a point. The operator is called a transitman. See Figure 1.1. 

Engineers level. This is a telescope equipped with a sensitive spirit 
level. It is attached to a horizontal bar which is parallel to the telescope 
and has a vertical conical axis which rotates in a conical socket. Leveling 
screws are provided for leveling the instrument. In use it is mounted on a 
tripod and is employed for determining difference in elevation. The operator 
is called a levelman. See Figure 1.2. 

There are two types of levelsj one called a "Dumpy level", the other a 
"Wye level". The essential difference between these two types is the manner 
in which the telescope is attached to the horizontal bar. On the "Dumpy 
level" the telescope is rigidly fixed to the crossbar and the instrument is 
so constructed that the optical axis of the telescope is perpendicular to 
the axis of the spindle. This results in an instrument that will hold its 
adjustment for a long time even with hard usage. 

The "Wye level" has the telescope attached tc the crossbar by means of 
two Y-shaped supports provided with clamps which fit over collars on the 
telescope. The supports are held in place by capstan nuts and can be adjust¬ 
ed to make the telescope parallel to the horizontal bar and at right angles 
to the spindle. This instrument will not stay in adjustment as well as the 
"Dumpy level" when subjected to hard use. 
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2. SURVEYING EQUIPMENT (OONT'D) 


Range pole. Flag pole, or Flag. Either a steel or wood pole shod with 
a steel point, painted in alternating bands of red and white. It is used 
as a mark when making either angular or linear measurements. See Fig. 1.3. 

Tapes or Chains. Various types of graduated flexible ribbons used 
for measuring distances. See Figure l.fi. 

Chaining pins or Arrows. Steel pins about one foot long, used to 
temporarily mark the position of the ends of the tape when measuring 
distances. See Figure 1.5. 

Level Rod. A wooden rod usually graduated in hundredths of feet. It 
is used In conjunction with the level for determining difference in eleva¬ 
tion. It may be either a single piece or jointed. See Figure 1.6. 

Stadia Rod. A graduated rod about U inches wide, 3A inch thick, and 
12 feet long.Various graduating patterns are used, the object being to 
obtain a rod that can be easily read at distances of 1000 feet or more, 

See Figure 1.6. 

Target. A sighting mark used in conjunction with level and stadia 
rods when It is difficult to read the rod directly. See Figure 1.6. 

Plane Table and Alidade. A drawing board attached to a tripod in such 
a manner that It can He leveled, rotated and locked in the position select¬ 
ed. Drawing paper attached to the board allows plotting of the survey data 
in the field as the survey progresses. 

There are two types of alidades* (l) the open sight and (2) the tele¬ 
scopic. The open sicpit alidade consists of a set of sights mounted on a 
ruler or straight edge in such a manner that the line of sight is parallel 
to the edges of the ruler. 

The telescopic alidade consists of a telescope mounted on a horizontal 
axis which is supported by standards attached to the straight edge, either 
directly or by means of a post. The telescope is equipped With a vertical 
arc, either a striding or attached level bubble, and in addition many 
instruments are equipped with a Beaman stadia arc and a Vernier control 
bubble. See Figure 1.7. 

The plane table and alidade are used most effectively for obtaining 
detail and topography. Mapping can be done rapidly and a more accurate 
representation of the terrain can be obtained since the operator can see 
the form of the ground that he is mapping. 

Hand level. An instrument used for approximate leveling. It is gen- 
erally used for roughly determining the difference in elevation of points 
close to each other. It consists of a metal tube about 6 inches long on 
which a level bubble is mounted. When looking through tue tubs the re¬ 
flected image of the bubble and cross wire can be seen in the left-half 
side of the field of view, and the landscape in the other half. The level 
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SURVEYING EQUIPMENT (CONT'D 


Hand Level (corvid) is held by hand at the eye with the bubble vial 
up, and the farther end is tipped up or down until the cross wire bisects 
the bubble, the line of sight is then horizontal. See Figure 1.8. 


Abney level or Clinometer. This instrument is similar to the hand 
level except that the bubble is attached to a vertical arc, thus vertical 
angles or percent of slope can be measured. See Figure 1.8. 


ABNEY LEVEL 
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2. SURVEYING EQUIPMENT (CONT'D) 

Planimeter* An office instrument used to measure the area of any 
plotted plane figure by passing a tracing point around the boundary 
line. See Figure 
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Figure 1.9 
3. SURVEYING TEEMS 


In order to better understand the following portions of this part of 
the handbook, a few brief definitions of some of the more common survey¬ 
ing terms are pertinent. 

Chaining. The act of measuring distances with a tape. The individ¬ 
uals making such measurements are called chairmen. 

Flagman. The person who holds the flag or range pole on selected 
points as directed by the transitman. 

Rodman. The person who holds the level rod and otherwise assists 
the levelman or topographer. 

Back sight. (1) A rod reading taken, with the level, to a point the 
elevation of which is known. Also called ♦ sight of B.S. (2) a transit 
sight or observation to a reference point on a line of known direction 
(generally to the rear). 
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3. SURVEYING TERMS (OONT'D) 

Foresight, (l) A rod reading, taken with the level, to a point the 
elevation of which is to be determined. (2) A transit sight to a point 
along a line whose direction is to be determined (generally ahead). 

Hub, Usually a heavy stake, with a tack in the top, which defines a 
point over which the transit is set. 

Line. The course or route between points along which measurements of 
distance and angles are to be taken. Giving line means placing of a flag 
pole,pin or other object on line. 

Turning Point. Generally a fixed point or object, temporary in charac¬ 
ter jHjjn'wmcK’TKiT’leveling rod is held first for a foresight, then for a 
backsight. 

Bench Mark. A more or less permanent reference point or object, the 
elevation of which is known or established. It can also be used as a 
turning point. 


U. HAND SIGNALS 


A good system of hand signals between different members of a surveying 
party makes a more efficient means of communication than is possible by 
word of mouth. Any code of signals mutually understood by the instrument 
man and the rodman is good if it works. The instrument man should be 
prompt in signalling the rodman when he is finished with the "shot" so that 
the rodman can move off promptly to the next point. It is also desirable 
to have a system of signalling numbers so that such information can be 
transmitted from rodman to instrument man or vice versa. 

The code of signals illustrated in Figures 1.10 and 1.11, is suggested. 
This code may be enlarged upon or altered to suit the needs of the job. 

A definite code should, however, be determined and mutually understood in 
order to speed up the job. 




CODE OF HAND SIGNALS 
Figure 1.10 
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5. MEASUREMENT OF HORIZONTAL DISTANCES 


The procedure for measuring horizontal distances by pacing, chaining, 
and stadia are* 

Pacing. Pacing may be used for approximate measurement when an error 
of two feet per hundred feet is permissible. Measurement by pacing con¬ 
sists of counting the number of steps between two points and multiplying 
the number by a predetermined "pace factor". Pace factors will usually 
vary between individuals. Each person having occasion to use this measure¬ 
ment method should determine his individual pace factor. 

The pace factor for each individual is the average distance in feet per 
step. It can best be determined by pacing a measured distance (usually $00 
feet) several times. It Should be paced enough times so the number of paces 
for the distance does not vary over 2 or 3 paces. The "pace factor" then 
would be the distance in feet divided by the number of paces. 

Some people prefer to use a stride in place of a pace. It consists of 
2 paces, so the "stride factor" would be two times the "pace factor". 

Measurement by pacing for preliminary profile work, and gridding for 
surface drainage surveys, is generally permissible. 

Chaining. Chaining is the method of measuring horizontal distances with 
a steel tape. It is the most common method known and should be used for most 
measurements in order to get required accuracy. 

Survey lines are measured or chained by stations. The distance between 
full stations is 100 feet. For this reason most steel tapes are 100 feet 
long. When a distance is referred to as so many stations, it means that 
number of 100-foot lengths. The fractional part of a distance between a 
full station is called a plus station. Fractions of a foot are indicated 
by decimals, either to the nearest 0.1 foot or 0.01 foot, depending upon 
the accuracy of measurement required. For example, a point on a line 309.2 
feet beyond station 10+00 is indicated as station 13+09.2. 

Stakes set along the line are marked with waterproof lumber crayon known 
as "keel". Markings are placed on the face of stakes so that as a person 
walks along the line in the direction of progressive stationing, the station 
markings are readily seen as each stake is approached. 

Accurate chaining with a steel tape requires skill on the part of the 
chairmen in use of plumb bobs, chaining pins, range poles, hand levels and 
tension indicator apparatus. No attempt will be made to outline details for 
highly accurate chaining methods, since most chaining done for conservation 
jobs does not require the degree of precision required for city or lot sur¬ 
veys. In order to obtain sufficient accuracy in conservation work the fol¬ 
lowing should be observed: 

a. Keep tape on line being measured. 

b. Keep uniform tension on tape for each measurement. 

c. "Break" chain on slopes above 1056. 

d. Accurately mark each station. 

e. Keep accurate count of stations. 
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$. MEASUREMENT OF HORIZONTAL DISTANCES (OOMT«D) 


Chaining (contM) 

Thefol lowing procedure Is generally used for chaining out a line with¬ 
in the accuracy limit. The line to be measured may be a meandering line 
along a drainage way or gully channel or it may be a straight line in a pre¬ 
determined direction. In the former case the measurements are taken par¬ 
allel, or nearly so, to the meandering line; but in the latter case a range 
pole is set ahead on the line as far as can be seen, or the direction is 
marked by a tree, fence post or other convenient point. This mark is used 
in sighting in a straight line from the point of beginning. 

For purpose of this explanation it will be assumed a straight line is 
to be measured, and a stake has been set at the point of beginning marked 
OOO. (See paragraph b, under Profiles and cross-sections for other methods 
of stationing the beginning station). 

The head chairmen takes the zero end of the tape and advances in the 
general direction of the line to be measured. Vhen he has gone the length 
of the tape the rear chairman will have observed that the 100-foot end is 
opposite the beginning point and he calls out "chain". 

The rear chainman then sights in the head chainman on the line to be 
measured and holds the 100-foot mark of the tape exactly on the beginning 
stake. The head chainman pulls the tape straight and reasonably tight and 
sets a stake or pin exactly at the "zero" end of the tape. 

The rear chainman calls out the number of his station (in this case Of00) 
and the head chainman marks his stake If00 indicating one station has been 
measured. 

Both chairmen then move forward along the line to be measured and the 
rear chainman again calls "chain" when the head chainman has gone forward 
100 feet. The line is sighted in, stakes set and marked as before, each 
time the rear chainman calls off his station to the head chainman and the 
new station is given the next consecutive number and so marked. 

Vhen the head chainman reaches the end of the course he stops and the 
rear chainman comes forward to the last station set. The head chainman then 
holds the zero end of the tape at the end of the course and the rear chain- 
man pulls the tape taut and observes the foot mark between the last station 
and the end of the line. If the tape is one on which the first foot is grad¬ 
uated in decimals the rear chainman holds the next larger foot mark on the 
last station and the head chainman reads the decimal of a foot. The distance 
in feet then between the last station and the end of the line would be one 
foot less than that indicated by the foot mark held by the rear chainman. 

If the tape is one which has an extra foot graduated in decimals ahead 
of the zero mark, the rear chainman would hold the next smaller foot mark 
on the last station and the head chainman would read the decimal of a foot 
in this case the distance would be that indicated by the foot mark held 
by the rear chainman plus the decimal read by the head chainman. 
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5. MEASUREMENT OF HORIZONTAL DISTANCES (COBT'D) 


Chaining (confd ) 

If angles or other points not on full stations are to be established 
between the beginning and the end of the line they are set on plus stations. 
The next full station is then set and chaining continued by full stations 
as before. When curves are used at angle points the stationing follows 
along the curve. See Figure 1.3U. 

For chaining to the order of accuracy required in most soil conserva¬ 
tion work it is not necessary to hold the tape level when measuring up or 
down slopes under about 3 percent. On grades steeper than 3 percent the 
uphill end of the tape should be held on the ground and the chainman at the 
other end should hold the end of the tape so that it is level and plumb down 
with a plumb bob or by sighting in. On grades over 10 percent such con¬ 
venient lengths as can be held approximately level should be used and the 
down hill point plumbed down to the ground. This procedure is called 
breaking chain. Figure 1.12 below, illustrates the process and indicates 
the errors which can occur if this is not done on steep slopes. 




Sta. 11400 

200-201 Ft. - Distance Measured by "Breaking" Chain & Plumbing 
209-210 Ft. - Distance if Measured Along the Ground 


BREAKING CHAIN 
Figure 1.12 
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5 . MEASUREMENT OF HORIZONTAL DISTANCES (OONT'D) 

Chaining (cont^d) 

Where a line Is to be measured on vhlch no stakes are set the head 
chalnman Is responsible for keeping count of the number of stations. The 
procedure is the same as that described above except that most times chain¬ 
ing pins or arrows are used. Spikes (20d or larger) may be substituted for 
chaining pins. Many times the chaining pins are not provided) but the spikes 
are available. Regardless of the type of pin the procedure is the same and 
for purposes of explanation it will be assumed that spikes are used. 

When chaining is begun the head chalnman counts out 11 spikes, sticks 
one in the ground to mark the starting or zero point and puts 10 in a con¬ 
venient pocket emptied of all other objects. When the first station is 
lined in and measurement completed the head chalnman sticks a spike in the 
ground at that point and calls or signals to the rear chalnman that measure¬ 
ment is completed. The rear chalnman then pulls the spike at his location 
and puts it in one of his pockets that is free from all other objects, then 
moves forward to the next station at the same time the head chalnman is 
moving forward in readiness for setting the next station. This process is 
continued until the head chalnman uses his last spike. At this station 10 
spikes have been used and 1000 feet has been measured. The head chainman 
calls "spike" to rear chainman, at which time the rear chainman moves up 
and delivers his collected 10 spikes to the head chainman. The head chain- 
man then records 10*00 in his notebook. This process is continued until 
measurement of the line in question is completed. Suppose that measurement 
was completed when the head chainman had k spikes left and station 20*00 
had been recorded in his notebook. This would mean that 10 minus U or six 
spikes had been used ahead of station 20*00 and the station at the end of 
the line would be 26*00. 

Because of the wide variety in manner of marking tapes the surveyor 
should inspect the tape before it is used the first time to determine how 
it is marked. 

Stadia. The stadia method for measuring horizontal distances require 
the use of a transit, level or alidade equipped with stadia hairs. There 
are three horizontal cross hairs and one vertical cross hair in this arrange¬ 
ment. The horizontal cross hairs are so spaced that any intercept between 
the top and bottom cross hairs when read on a level or stadia rod, if mul¬ 
tiplied by 100 and the instrument constant is added, will give the distance 
between the instrument and the rod. It is most useful where a large amount 
of detailed topographic mapping is necessary and is further explained under 
this subject. 


6. CARE OF EQUIPMENT 

Transportation and Storage. Protection given to surveying equipment 
when stored or While being transported to and from the field will extend 
its useful life and contribute a great deal toward keeping the instrument 
in adjustment. Proper packing for shipment is also important. 
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6. CARE OF EQUIPMENT (CONT'D) 

Transportation and Storage (con^d) 

Listed below are come precautions that should be observed: 

a. Do not carry levels, transits, alidades, or other instruments 

in tool boxes or the body of pickups unless they are in their carrying cases 
and then only when the case is held securely in a special compartment prop¬ 
erly padded to prevent jarring. 

b. Carry engineering instrument, tripods, stadia rods, level rods, 
range poles, etc., in cars and trucks only when you have use. for such equip¬ 
ment. Do not leave equipment in cars or trucks overnight. 

c. All level and stadia rods should be protected by suitable carry¬ 
ing cases. Provide a place for tripods so they can be carried without com¬ 
ing into contact with other materials being transported. Protect such equip¬ 
ment from the weather and do not allow it to bounce around in cars or trucks 
with car chains, stakes, hatchets or other objects which may damage it. 

d. Provide space in the office for storing the equipment in an 
orderly manner. 

e. When shipping be sure all packing blocks fit tightly around the 
instrument, and that it is held securely in its case. Place the instrument 
case in a wooden box or corrugated carton with at least two inches of excel¬ 
sior or equal type of packing. Tripods, rods and stadia boards should be 
placed in corrugated cartons provided with packing when being shipped. Suit¬ 
able labels should be placed on the outside of packing boxes to assure care¬ 
ful handling. 

Field Care. 


a. The instrument should be handled carefully when removing it 
from its case. 

b. It should be securely fastened to the tripod head. 

c. Do not carry the instrument on the shoulder while passing 
through doorways or under low hanging branches. 

d. Before climbing over a fence or similar obstacle the instrument 
should be placed on the other side with the tripod legs spread wide. 

e. Never leave the instrument while it is set up, in fields where 
stock are grazing, on roads, or in areas of construction, or in any place 
where there is the slightest possibility .of an accident. 

f. Keep tripod legs well spread and see that they are firmly 

planted. 

g. Tighten leveling screws only to a firm bearing; excessive 
tightening will injure the screws or warp the plate. 



1-20 


6. CARE OF EQUIPMENT (ODNT'D) 

Field care (cont'd) 


h. Always use the sun shade. Attach or remove it by turning in a 
clockwise direction to avoid loosening the objective lens. 

i. On transits see that the magnetic needle is raised off the 
pivot when not in use. 

J. Dust caps should be replaced and instrument wiped deem before 
replacing it in the case. 

k. Steel tapes are easily broken if not properly handled. Do hot 
jerk the tape needlessly. Do not step on it or allow vehicles to run over 
it, and do not attempt to bend it around sharp corners. The most common 
cause of a broken tape is pulling or jerking on it when there is a loop 

or kink. 

After each day's use, steel and metallic tapes should be wiped clean 
and dry with a clean cloth. Steel tapes should be given a light coat of 
machine oil by wiping with an oily cloth after cleaning. If rust spots are 
formed during a days use in wet weather, the tape may be cleaned with 
kitchen cleanser. Do not use a coarse abrasive such as sandpaper or emery 
cloth, as this will eradicate the markings. 

Tapes using clamped or soldered sleeves for foot markings are commonly 
used without reels. Tapes without reels are done up in a figure-of-eight 
and then "thrown" into a circular shape. The method of "throwing" a tape 
does not lend itself well to a written description. This procedure should 
be learned from an experienced surveyor. 

l. Rods should not be used as bars to loosen stones or stakes or 
as a hammer. 


m. Hard knots in a plumb bob string indicate an inesqaerienced 
instrument man. Tie a sliding bow knot. 

n. Never attempt to transport an instrument in a vehicle when it 
is mounted on the tripod. 


7. SETTING UP INSTRUMENTS 


Engineers Level. Before attempting to set up the level be sure that 
tripod wing nuts have been tightened until each leg when held horizontally 
will barely fall under its own weight. Then if a tripod leg is held in 
each hand the third leg is placed on the ground to act as a pivot, the two 
legs can be moved so as to make the foot plate nearly horizontal. Then 
without altering the horizontal position of the foot plate the two legs 
can be lowered to the ground. Pressure should then be applied to the 
legs to insure a firm and stable set-up. Be sure that the tripod legs are 
spread at such an angle that it is stable and that objects may be viewed 
through the telescope from a convenient posture. 
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7. SETTING UP INSTRUMENTS (OONT'D) 

Engineers Level (confd) 

The telescope should then be brought over one pair of leveling screws 
and the bubble approximately centered. The process should then be repeat¬ 
ed with the telescope over the other pair. This procedure is repeated until 
the bubble remains centered or nearly so for any position of the telescope. 
Final centering of the bubble is usually easier if only one screw is turned 
rather than trying to adjust two opposite screws at the same time. The 
leveling screws should be tightened only enough to secure a firm bearing. 
Before attempting to take sights the cross hairs should be focused by means 
of the eyepiece. The telescope should be pointed at some light surface 
such as a white building or the sky and the eyepiece turned slowly in or out 
until the most distinct appearance of the cross hairs is obtained. It 
should then be pointed at, and focused (by means of the focusing screw) on 
a level rod, held by a rod man, on some point about one hundred feet from 
the instrument. The eye should then be moved slowly up and down to observe 
if the cross hair apparently moves over the face of the rod. If the cross 
hair does not appear to move it is properly focused. If movement is detec¬ 
ted, further adjustment is necessary. Once the eyepiece has been adjusted 
no further adjustment is necessary so long as the same individual uses the 
instrument. 

After focusing on the rod the bubble should be exactly centered i . the 
level vial before the rod reading is taken. Be sure the rod is being htld 
vertical or that the reading is taken with the rod in its most vertical 
position. Some surveyors ask the rodman to swing the rod back and forth 
over center on its base as a pivot, the minimum reading thus observed is 
the true vertical reading. Be sure not to lean on the instrument or step 
close to the tripod legs, since this will throw the instrument out of 
adjustment. 

Engineers transit. Ordinarily the transit is set over some definite 
point, such as a tack in a hub. The plumb bob provides a means of center¬ 
ing the instrument over the point. The transit can be placed approximately 
over the point and the tripod legs adjusted until the tripod head is nearly 
level. The instrument can then be picked up bodily without disturbing the 
position of the legs and carefully set over the point; each leg should then 
be pressed firmly into the ground, at the same time adjusting it until the 
plumb bob falls within £ inch or less of the point and the foot plate nearly 
level. Two adjacent leveling screws can then be loosened and the transit 
head shifted until the plumb bob is over the point. Another method used 
by experienced surveyors is to grasp two legs of the tripod and place the 
third leg on the ground at such a point with respect to the hub that when 
the other two legs are allowed to touch the ground, the foot plate will be 
nearly level, the height of the telescope will be convenient and the plumb 
bob nearly over the tack in the hub. Obviously practice is required to 
perform this operation effectively. After the instrument is centered 
over the point, it is leveled. This is done by loosening the lower clamp 
screw and turning the instrument about its vertical axis until one of the 
plate level tubes is parallel to a line through a pair of opposite leveling 
screws. The second plate bubble will then be parallel to a line through the 
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7.SETTING UP INSTRUMENTS (OQNT»D) 

Engineers transit (cont t d) 

other pair of leveling screws. Level the instrument by means of leveling 
screws and plate bubbles. 

This is done by uniformly turning a pair of opposite leveling screws in 
such a manner as to move the thumbs either toward or away from each other. 

Thus one screw is tightened by the same amount that the other was loosened. 

This will tilt the leveling head and at the same time maintain definite sup¬ 
port for it on both screws. The screws should rest firmly on the foot plate 
at all times but should not be allowed to bind. The other bubble is centered 
in a similar manner by the other pair of leveling screws. This process should 
be alternated until both bubbles are centered. The position of the plumb bob 
should now be observed. If it has moved off the point, it should be reset by 
shifting the head and releveling the instrument as previously described. 

The instrument is now ready for the measurement of horizontal and vert¬ 
ical angles. Transits have two verniers for reading horizontal angles, the 
zeros being 180° apart. The horizontal circles of transits are graduated in 
various ways. They may be graduated to 30 minutes reading to one minute, 
graduated to 20 minutes reading to 30 seconds, graduated to 1$ minutes read¬ 
ing to 20 seconds, or graduated to 20 minutes reading to 20 seconds. The 
graduations on the circle are usually numbered at intervals of 10° continu¬ 
ously from 0° to 360° in both directions from oo. The inner row of numbers 
increases in a clockwise direction, while the outer row increases in a counter¬ 
clockwise direction. The verniers are provided so that the angle can be read 
closer than the smallest circle division. In every case the graduations on 
the vernier depend upon the subdivision of the circle. For example, when the 
circle is graduated in half degree (30*) spaces, the space between each line 
on the vernier will be 29/30 of the 30* arc space on the circlej thus an arc 
consisting of 29 divisions of 30* each (equivalent of lU°30' on the circle) 
is subdivided into 30 equal parts to obtain the space between the lines on 
the vernier. One division on the vernier then is 01* less in angular measure¬ 
ment than one division of the circle. 

In Figure 1.13, a 01* vernier is shown with its zero opposite the zero 
(360 ) of the circle, ready to measure an angle. The vernier lines both sides 
of zero fail to match the lines on the circle by 01'j the next lines of the 
vernier fail to match the lines of the circle by 02'j and so on. Setting 
exactly at zero can best be accomplished by noting that the first vernier lines 
both sides of zero fail to match the circle divisions by the same amount. 

Figure l.lU shows a one minute vernier reading 17°25' from left to right 
and 3l^S 0 35 , from right to left. 

When horizontal angles are measured with the transit, the inner circle 
within the vernier moves with the telescope while the outer circle remains 
fixed. The zero of the vernier always points to the reading on the outer 
circle. 
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7. SETTING UP INSTRUMENT (CONT'D) 



ONE MINUTE VERNIER SET AT 0°. 
Figure 1.13 



ONE MINUTE ’VERNIER 

Reading 17° 25' ■ 17° 25' from left to right 

and 3U2° 30» ♦ 05' ■ 3h2o 35 « from right to left. 

Figure l.ll; 

Measuring horizontal angles. When a horizontal angle is to be measured 
both the upper and lower clamps' are loosened and the zero of the vernier 
is set close to 0 on the circle. The upper clamp is then tightened and by 
means of the upper slow motion screw, the index of the vernier is set exact¬ 
ly opposite 0 on the circle. The telescope is now directed at one of the 
objects to be sighted and when the object is in the field of view and near 
the vertical hair, the lower clamp is tightened. The vertical hair is set 
exactly on the object by means of the lower slow motion screw. The telescope 
should be focused carefully. 

The upper clamp is now loosened and the telescope is sighted on the 
second object. The upper clamp is tightened, and the slow motion screw is 
used to bring the object on the vertical cross hair. The angle can now be 
read by adding to the circle reading the minutes read on the vernier. To 

Courtesy: KEUffEL 4 ESSEX CO. 




Measuring horizontal angles (cont'd) 

eliminate instrument errors, the angle can be measured acljain with the tele¬ 
scope inverted and the mean of the measured angles taken. Another procedure 
is to measure the angle by repetition, once with the telescope direct and 
once reversed and the mean taken as the measurement of the angle. 


Meas uri ng vertical angles. The vertical angle is the angle in a vertic¬ 
al plane “asured from the horizontal plane through the axis of the tele¬ 
scope to the point. When the point is above the horizontal plane, the angle 
is called a positive angle or angle of elevation; when the point is below 
the horizontal plane, the angle is called a negative angle or angle of de¬ 
pression. In the survey notes, they are designated by a + sign and a - sign 
respectively. 

To measure a vertical angle, the instrument is carefully leveled and the 
telescope is directed to the object. When the object is observed in the tele¬ 
scope, the vertical motion is clamped and by means of the vertical motion 
tangent screw the middle horizontal cross hair is set exactly on the point. 

The reading on the vertical arc is the correct vertical angle, if the instru¬ 
ment is in adjustment and has been carefully leveled. The following conditions 
must exist* the line of sight and the axis of the telescope spirit level 
must be parallel; when the plate bubbles are centered, the plate must be 
horizontal; and the index of the vernier must be exactly opposite 0° on the 
vertical arc, when the telescope bubble is in the center of the tube. 

If the first requirement is not fulfilled, it is impossible to obatin a 
correct vertical angle with the vertical arc only. If the instrument has a 
full vertical circle, the error can be eliminated by reading the vertical 
angle first with the telescope direct and then reversed and taking the aver¬ 
age of the two readings. 

Plane Table and Telescopic Alidade. When setting up the plane table, be 
sure the tripod legs are spread well apart and firmly pressed into the ground. 
The table should be about waist high, so the operator can bend over it without 
resting against it. The board is leveled by placing the alidade near the 
center of the table top, loosening the tilting clamp, and tilting the board 
until the circular level bubble on the alidade is centered. The clamp is 
then tightened to hold it in this position. Care should be used to avoid 
having the alidade slide off the board when making this adjustment. Since 
few tables are sufficiently rigid to remain level as the alidade is shifted 
about, no special attempt is made to see that the board is perfectly level 
each time an observation is made. 

In order to have the plotted angles theoretically correct, the plotted 
position of the station at which the plane, table is set should be directly 
over the corresponding ground point. The degree of care to be used in bring¬ 
ing the plotted point over the ground point depends on the scale of the map. 

For small scale map work the table is placed over the station without 
attempting to get the plotted point vertically over the ground point. On 
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Plane Table and Telescopic Alidade (cont'd) very large scale mapping the 
table is set over the point approximately oriented by sighting or magnetic 
needle, and then by plumbing the table is shifted bodily until the point on 
the paper is approximately over the station point. 

The clamp which holds the table from rotating is now loosened and the 
table is oriented by rotating it on its vertical axis. Orientation may be 
done by various methods. For making rough small scale maps orientation by 
means of the magnetic compass is sufficiently exact. The table is rotated 
until the fixed bearing, usually magnetic north is observed, it is then 
clamped and all mapping at the station is carried on without disturbing the 
board. If the compass is mounted on the alidade, the straight edge is align¬ 
ed with a meridian that was drawn at the first station occupied, and the 
table rotated until the needle points north. Orienting with the magnetic 
needle has an advantage over other methods in that an error in the plotted 
direction of one line will not introduce a systematic error in lines plotted 
from succeeding stations. The disadvantages are inability to determine- the 
exact point on the graduated arc at which the needle comes to rest; magnetic 
variations due to local attractions or other causes; and sluggish needles, 
bent pivots or bent needles. 

The table can also be oriented by back sighting along an established line 
which has been previously plotted. The advantage of this method lies in the 
increased precision obtained in orientation. A disadvantage is that the 
error in any previously plotted line is transferred to succeeding lines. 

This is the method generally used on intermediate and large scale mapping. 

The table can also be located by the application of the principal of 
resection. This method is used in determining the position of any point on 
the map corresponding to the location of the point on the ground over which 
the plane table is set, providing three established points can be seen from 
the point in question and the positions of these three established points 
are already located on the map. The direction of the magnetic meridian 
should be established on the sheet prior to attempting the solution of the 
3-point problem in order that the table can be oriented into the approximate 
correct position. 

Assume the plane table is set up on an unknown point D, and points A, B, 
and C whose positions a,b, and c are plotted on the sheet and are visible 
from D. The problem is to find the location of d on the sheet corresponding 
to D on the ground. This location of d is found by trial* The plane table 
is oriented by estimations at point D. See Figure 1.15, below: 

@A LOCATION OF A POINT ON PLANE TABLE 08 


D 
♦ d 


.b 


.c 


®C 

Figure 1*15 
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7. SETTING UP INSTRUMENT (CONT»D) 


Plane Table and Telescopic Alidade (cont'd) 

If this estimated orientation is correct, resection lines from A, B, and 
C would intersect at point d. Tnese resection lines are drawn with the edge 
of the alidade at a, a sight taken on A, and a line is drawn on the sheet* 
Similar lines are drawn with the edge of the alidade at b and c, sights being 
taken on B and C, and. these lines drawn on the sheet. As the table, however, 
was oriented at D by estimation, these resection lines will not intersect at 
point d, but will form a triangle of error a^b'jC'. See Figure 1.16. The 
size of this triangle will depend on the degree or error in orientation. 

SOLUTION OF TPJANGLF; OF EPP.OR (PLANE TABLE) 

©A ®B 

•a i »b 



♦c 


©C 

Figure 1.16 

From the size and shape of the triangle, the correct position of (d) can 
be approximated closer. With the edge of the alidade on the line connecting 
this new point with a,b, or c, the board is reoriented by sighting on the 
corresponding point. Sights are taken on the other two points. These new 
lines will either intersect at a point which is tne proper location for (d) 
or will form a much smaller triangle from which another approximation can be 
made. Usually, after some experience, two attempts are sufficient to proper¬ 
ly orient the plane table and find the position of (d). In estimating the 
correct position of the point on the sheet from the triangle of error, the 
following geometric relations, illustrated in Fig. 1.1? should be borne in 
minds 


SOLUTION OF TRIANGLE OF ERROR (PLANE TABLE) 

B 
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SETTING UP INSTRUMENT (OONT'D) 

Plane Table and Telescopic Alidade (confd) 

a. When D is within the triangle ABC, the point (d) will fall with¬ 
in the triangle of error, and will be farther from the line from the further¬ 
most point than from either of the lines from the other two points. 

b. When D is outside the triangle ABC but within the circle pre¬ 
scribed by the points of this triangle, (d) will fill outside the triangle 
of error, and is on the side of the line from the middle point opposite the 
intersections of the lines from the other two points. 

c. When D is outside the circle prescribed by the points of the 
triangle ABC, it is outside the triangle of error and on the same side of the 
line from the most distant point as is the intersection of the lines from 
the other two points. 

d. In every case, the distance of (d) from a resection line is pro¬ 
portional to the distance that D is from the point from which the resection 
line is drawn. 

f 

After orientation, the direction of lines are observed by rotating the 
alidade until the line of sight corresponds to the line to be observed. If 
stadia rods are used the distance can be read and plotted to the scale of 
the map. Elevations can also be determined and plotted. If the alidade is 
equipped with a Beaman arc, the computations for true horizontal distance 
and corrected elevations are simplified. The procedure is explained in de¬ 
tail under the subject. Topographic Mapping. 

If object (building, trees, etc.) only are to be located, their position 
may be established by drawing rays from two previously plotted points. The 
intersection of the rays establishes the location of the objects. 

8. CLEANING, INSPECTING AND LUBRICATING INSTRUMENTS 

Cleaning, inspecting and lubricating instruments should be done by engin¬ 
eering personnel. Because of their training they are familiar with the various 
parts of the instrument and are not as apt to damage the instrument or throw 
it out of adjustment. 

In setting up the instrument indoors for inspection or cleaning, be care¬ 
ful that the tripod does not spread, dropping the instrument on the floor. 
Complete spreading of the legs can be prevented by tying a stout cord around 
through the openings in the tripod legs, NEVER LEAVE AN INSTRUMENT STANDING 
IN A ROOM UNGUARDED. 

Cleaning and lubricating is largely a matter of having the proper equip¬ 
ment and the will to use it. A small varnish brush should be used to dust 
off the exposed parts, do not use this brush on the lenses, as it becomes 
oily. A clean camels hair brush should be used to dust off the lenses. This 
brush Should not be touched to the hands or face or otherwise get oil on it. 

A piece of soft chamois or tissue paper and alcohol should be used to polish 


1-28 


8, CLEANING, INSPECTING AMD LUBRICATING INSTRUMENTS (OONT'D) 

the lenses. Several clean cloths which have been washed several times until 
free from lint, and a toothbrush should be used to clean screw threads. To 
remove gummed oil, wash parts in alcohol. Lubricants for surveying instru¬ 
ments should be carefully selected. Household, typewriter or other light 
machine oils are not satisfactory. The finest instrument or watch oil should 
be used. Oil should be applied sparingly. 

Clamps that Bind. Clamps, arms and bearings are exposed to dust, and 
often oiled too freely. The oil collects and holds dust, then dries out 
leaving a gumnry residue. This obstructs the free action of the clamp. If 
the dust is sharp, the clamp bearings may seize and bind. On a transit the 
upper motion clamp is the most likely to bind. Try this clamp by removing 
the tangent hanger screws, release the pressure of the clamp screw and slowly 
try to rotate the clamp arm, holding the telescope stationary. Do not force 
it to turn. Brush out the dust, then add instrument oil to the bearing. If 
there is no grit present the clamp can probably be turned gradually and may 
free itself. Should binding still occur, stop all turning and report the con¬ 
dition through proper channels to the area engineering specialist. He should 
then decide whether the instrument should be dismantled in the field or sent 
in for repair. 

Clean and oil the tangent screw, spring barrel and slide frequently. Use 
a toothbrush and alcohol to clean the threads and a clean soft cloth for wiping 
other parts. 

Seizure of Limb and Verniers. Examine the space between the limb and 
verniers with a pocket magnifier to see whether the parts have seized or some 
particles have become lodged between them. Often the seizure is ascribed to 
sticky spindles and socket. For that reason the advice can not be too often 
repeated, "Do not force any part to turn". Forcing will cause damage to the 
spindles and also the vernier graduations. 

Spindles and Sockets. If the instrument does not spin freely on its 
vertical axis, the spindles and socket are perhaps sticky and dirty or the 
clamps are causing the binding. With the clamps loosened rotate the instru¬ 
ment. If it does not rotate freely the spindle and socket needs cleaning. 

In an emergency these may be cleaned in the field by competent personnel 
who have had the proper training and experience and have the necessary facil¬ 
ities to do the job. Poor cleaning methods usually result in a defective spin¬ 
dle and socket; therefore, field men are strongly urged not to take the spindle 
and socket apart for cleaning. 

When oiling the instruments use only a drop of oil at a time. Apply it 
to clean surfaces only. Wipe off excess oil so it will not collect dust. Dust 
thus collected makes an excellent grinding compound. If not cleaned regularly 
the parts will wear rapidly and the metallic dust in the grease and grit may 
ultimately cause the parts to bind and cause permanent damage. 

A regular system of inspection, cleaning and adjustment of all instruments 
by the engineering specialist will do much to prolong the life and keep instru- 
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8. CLEANING, INSPECTING AND LUBRICATING INSTRUMENTS (OONT’D) 

merits in good working order and adjustment. A record card showing date, 
work done, and by whoa should be kept in the instrument box. 

Lenses. Frequently inspect the objective lens to see that it has not 
become loose in its setting and that the setting is tigfitly screwed into the 
objective slide. Do not take the objective lens apart. When carrying the 
instrument in the rain, cover the objective lens with its cap. Fogging of 
lenses is caused by the presence of moisture on one or more of the lens sur¬ 
faces. When working in rainy or foggy weather, moisture will sometimes pene¬ 
trate to the interior. Fogging is generally caused by condensation of moisture 
from the air. The quickest way to get rid of foggy lenses is to take the 
instrument into a warm dry room. 

Dust should be brushed from both the objective and eyepiece lenses. A 
clean camels hair brush should be used. Clean with soft chamois or tissue 
paper after first breathing on the lens. If very dirty, use a little alcohol. 

Axle Bearings. If the telescope revolves too freely about its axis, it 
is probably due to loose axis bearings, cap screws or worn bearing. To adjust 
to proper tension, tighten each side gradually with a screw driver or adjusting 
pin. Some models have a laminated shim inserted under the bearing caps. When 
the bearings are worn, a lamination may be removed from the shims and the cap 
screws set up tightly again. Constant use of the telescope in its normal posi¬ 
tion will cause the axle bearings to wear out of round. To prevent this, use 
the telescope frequently in the reversed position or spin it a few times each 
day that the transit is used. 

Some bearings are provided with clearance space into which dirt can work 
and free itself. The telescope and axle should be removed occasionally from 
the standards and thoroughly cleaned. Remove the vertical circle guard. 

Loosen the cap screws and lift off the cap and screws together being careful 
not to lose the shims if there are any. Clean with a toothbrush using clean 
oil. Wipe off free oil and replace. y. 

Binding or Freezing. Binding or freezing of the bottom plate to the tri¬ 
pod head,' the tangent screws or the leveling screws is often due to dust part¬ 
icles lodging in the threads. Leveling screws may also bind or freeze when one 
screw is turned mor or less than the opposite one during the leveling process. 

Graduations. Dust should be removed with a soft, clean rag or brush. 

Do not clean In the direction of the graduations - move across them. 

Leveling Screws. Clean and oil frequently in the same manner as used for 
tangent screws. 

Tripods, rods and tapes used in rain, mud or snow should be carefully 
cleaned and dried after use. 

Repair. Whenever major cleaning or repair jobs are necessary, arrange- 
ments should be made with the administrative officer to have the instrument 
sent to the manufacturer or other reputable instrument repair company. 
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9. ADJUSTMENT OF INSTRUMENTS » 

By •adjustment" of a surveying instrument it is meant bringing of the 
various fixed parts into proper relation with one another, as distinguished 
from the ordinary operations of leveling the instrument, aligning the tele¬ 
scope, etc. 

The frequency with which adjustments are required depends upon the in¬ 
strument, its care, and the precision with which measurements are to be taken. 
On ordinary surveys, it is a good practice to test the critical adjustments 
frequently, especially on long surveys where occasional checks on the accuracy 
of the field data are impossible. 

Before adjusting the instrument, see that no parts (including the ob¬ 
jective lens) are loose. 

Another factor to bear in mind before making adjustments is to properly 
focus the eyepiece and cross hairs. That is, the cross hairs must be in the 
focal plane of the eyepiece. To determine if the cross hairs are in the 
focal plane of the eyepiece, sight the vertical cross hair on a point. Move 
your head slightly and slowly sideways and observe if the vertical hair moves 
off the point. If it does, a condition known as parallax exists. This indi¬ 
cates imperfect focusing. To focus the eyepiece, point the telescope at the 
sky or at some white surface and turn the eyepiece until the cross hairs appear 
as dark and distinct as possible. Test for parallax- - after a few trials a 
position is found where there is no parallax. This position of the eyepiece 
will not need to be changed for that observer. Each observer, however, will 
have to focus the eyepiece for his personal eye condition. 

Adjustment of the transit. A transit is in adjustment wheni 

a. The axis of the plate bubbles are perpendicular to the vertical 
. axis. 

b. The vertical hair is perpendicular to the horizontal axis. 

c. The line of sight is perpendicular to the horizontal axis. 

d. Standards are exactly at the same height. 

e. The line of sight and the axis of the telescope level are 
parallel. 

f. When the telescope is leveled by the telescope level, the zeros 
of the vertical arc and vernier should coincide. 

Figure 1.1 Shows the most important parts of a transit and will be re¬ 
ferred to in discussing the various adjustments. In order that the effect 
of one adjustment may be reflected in the others to a minimum degree, they 
must be made in the following ordert (1) plate bubbles, (2) vertical cross 
hair (3) line of sight, ( h) standards (5) telescope bubble. 

* Reprinted by permission from "Elementary Surveying", Volume I, by Charles 
B. Breed and George L. Hosmer, 1925 Edition, and "Surveying" by Charles B. 
Breed, 19U2 Edition, published by John Wiley 4 Sons, Inc. (See Region 5 
Engineering Handbook) 
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9. ADJUSTMENT OF INSTRUMENTS (CONT'D) 

Plate Bubbles. To adjust the plate levels so that each lies in a plane 
perpendicular to the vertical axis of the instrument, set up the transit 
and bring the bubbles to the center of their respective tubes by means of 
the leveling screws* Loosen the clamp and turn the plate 180° about its 
vertical axis and see if the bubbles remain in the center. If they move 
from the center, half this distance is the error in the adjustment of the 
tube. See Figure 1.18 below. The adjustment is made by turning the cap¬ 
stan-headed screws on the bubble tube until the bubble moves half way back 
to the center as nearly as this can be estimated. Each bubble must be 
adjusted independently. The adjustment should be tested again by relevel¬ 
ing and reversing as before, and the process continued until the bubbles 
remain in the center when reversed. When both levels are adjusted, the 
bubbles should remain in the centers during an entire revolution about 
the vertical axis. 


ADJUSTMENT OF THE PIATE BUBBLES 



Figure 1.18 

Vertical Cross Hair. To put the vertical cross hair in a plane perpen- 
dicular to the horizontal axis - sight the vertical hair on some well de¬ 
fined point, and leaving both plates clamped, elevate or depress the tele¬ 
scope. (See Figure 1.19) 

ADJUSTMENT OF THE CROSS-HAIRS 
(First Part) 


Horizontal 



Figure 1.19 
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9. ADJUSTMENT OF INSTRUMENTS (CONT«D) 


Vertical Cross Hair (cont'd) 


The point should appear to travel on the vertical cross hair through¬ 
out its entire length. If it does not, loosen the screws holding the cross 
hair ring, and by tapping lightly on one of the screws, rotate the ring 
until the above condition is satisfied. Tighten the screws and proceed 
with the next adjustment. 


Horizontal Cross Hair. To make tne line of sight perpendicular to 
the horizontal axis * (See Figure 1.20) set the transit at same point A. 
Level up, clamp both plates, and sight accurately on some point at B which 
is approximately at the same level as A. Reverse the telescope and set C 
in line with the vertical cross hair. B, A and C should be in a straight 
line. To test this, turn the instrument about the vertical axis until B 
is again sighted. Clamp the plate, reverse the telescope, and observe if 
point C is in line. If not, set point D in line just to one side of point 
C and then the cross hair ring must be moved until the vertical hair appears 
to have moved to point E, which is set at one-fourth the distance from D 
toward C, since in this case a double reversal has been made. 


ADJUSTMENT OF THE CROSS HAIRS 


[Second Part] 



Figure 1.20 

#■ In making the adjustment in the shop with collimators, instrument makers 
seldom level the transit carefully. In field adjustments it is desirable, 
although not necessary, to level the instrument. The essential condition 
is that the vertical axis shall not alter its position. 
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9 . ADJUSTMENT OF INSTRUMENTS (CONT»D) 

Horizontal Cross Hair (cont'd) 

The cross hair ring is moved by loosening the screw on one side of the 
telescope tube and tightening the opposite screw. If D falls to the left 
of C, then the cross hair ring should be moved to the left ; but if the 
transit has an erecting eyepiece, the cross hair will appear to move to the 
right when viewed through the telescope. If the transit has an inverting 
eyepiece, the cross hair appears to move in the same direction in which the 
cross hair is actually moved. 

The process of reversal should be repeated until no further adjustment 
is required. When finally adjusted, the screws should hold the ring firm¬ 
ly but without straining it. 

Standards. To make the horizontal axis of the telescope perpendicular 
to the vertical axis of the instrument (See Figure 1.21) set up the tran¬ 
sit and sight the vertical cross hair on a high point A, such as the top of 
a church steeple. Lower the telescope and set a point B in line, on the 
same level as the telescope. Reverse the telescope, turn the instrument 
about its vertical axis, and sight on B. Raise the telescope until the 
point A is visible and see if the cross hairs come on A. If not, note point 
C in line and at same height as A. Then half the distance from C to A is 
the error of adjustment. 

ADJUSTMENT OF THE STANDARDS 



Loosen the screws in the pivot cap and raise or lower the adjustable 
end of the horizontal axis by means of the capstan-headed screw under the 
end of the axis. Repeat the test until the high and the low points are 
both on the cross hair in either the direct or the reversed positions of 
the transit. The adjusting screw should be brought into position by a right- 
hand turn, otherwise the block on which the horizontal axis rests may stick 
and not follow the screw. The cap screws should then be tightened just 
enough to avoid looseness of the bearing. 



9. ADJUSTMENT OF INSTRUMENTS (OONT'D) 


Telescope Bubble, To make the line of sight parallel to the axis of 
the bubble, perform tKe two peg test. Set two pegs of stakes 200 or 300 
feet apart. Set the instrument midway between them. Take a rod reading on 
each peg with the telescope bubble centered at each reading. See Figure 
1.22. The difference in the two rod readings (U. 19*) gives the true differ¬ 
ence in elevation between the pegs, regardless of whether the instrument is 
in adjustment or not. 

Now set the instrument at A, preferably the high peg, and read the rod 
(which is held against or within a half-inch of the eyepiece). Note where 
the center of the eyepiece hole touches the rod. You may prefer to take 
this reading backward through the telescope. This reading, plus or minus 
the true difference in elevation between the pegs as previously determined, 
gives the true reading on B, in this figure, (9.29 feet) which makes the 
line of sight horizontal. With the horizontal cross hair on this true 
reading on the rod at B, the line of sight is parallel to the axis of the 
bubble if the bubble is in the center of the tube. 

If it is out of adjustment, raise or lower one end of the telescope 
bubble tube by turning the capstan nut until the telescope bubble is cen¬ 
tered; and finally again noting the true reading at B. After this adjust¬ 
ment has been made, the vertical arc and the vernier zero-line should be 
examined to see whether they coincide when the telescope bubble is in the 
center of the tube. If not, the vernier may be moved by loosening the 
capstan-headed screws which hold the vernier to the standard. The zero 
lines are brought together and the screws tightened. 

Adjustment of the Level. There are two types of engineer’s levels; one 
is known as the Wye level and the other as the Dumpy level (Figure 1.2), the 
tformer so named because the telescope is held in Y-shaped supports. 

The two major adjustments of the level are* 

(1) the adjustment to make the line of sight parallel to the axis 
of the bubble tube. 

(2) the adjustment to make the bubble tube axis perpendicular to 
the vertical axis. 

If the first one is made, error due to the second will always be elimi¬ 
nated if the rod readings are taken only at the insant when the bubble is 
in the center of the tube; but centering the bubble will not eliminate the 
error due to the line of sight not being parallel to the bubble tube axis. 

In this case the line of sight will fall below the true horizontal and thus 
give a rod reading which is too small, or it will be above the true horizon¬ 
tal and give a rod reading which is too large. In either case, the amount 
of error in the rod reading will be exactly proportional to the distance 
from the instrument to the rod. Consequently, such an error will be elimi¬ 
nated from the results if the sum of the distances to the backsights and 
the sum of the distances to the foresights are equal; these distances may 
be obtained satisfactorily by pacing. This is one of the most important 
principles to be observed in leveling work. 


5*42 
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ADJUSTMENT 07 LEVEL (TWO PEG METHOD) 
Figure 1.22 


9.61 
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9. ADJUSTMENT OF INSTRUMENTS (OONT»D) 

Adjustment of the Level (cont’d) 

Wye Level. A Wye Level is in adjustment when: 

a. The horizontal cross hair is truly horizontal with the instru¬ 
ment leveled. 

b. The line of sight coincides with the axis of the pivots of the 
telescope or parallel to it. 

c. The axis of the spirit level is in the same plane with the line 
of sight. 

d. The axis of the bubble tube and the line of sight are parallel. 

e. The axis of the level tube is perpendicular to the vertical 
axis of the instrument. 

The adjustments are made in the following order: 
a. Adjustment of the cross hairs. 

(1) To make the horizontal cross hair truly horizontal when the 
instrument is leveled, rotate the cross hair ring as in the case of 
the transit adjustment previously described, if the instrument is 
so constructed that the telescope cannot be rotated in the wyes. 

In many instruments the telescope can be rotated in the wyes while 
others are equipped with a stop regulated by an adjusting screw, 
which prevents the telescope from rotating beyond a certain point. 

The instrument is leveled and some point found which is on the 
horizontal cross hair. The telescope is turned slowly about the 
vertical axis so that the point appears to traverse the field of 
view. If the point remains on the cross hair, the adjustment is 
perfect. If it does not, then an adjustment must be made, the 
manner of doing this depending upon the construction of the instru¬ 
ment. If the telescope cannot be rotated in the wyes, the adjust¬ 
ment is made by rotating the cross hair ring similar to the ad¬ 
justment described for the transit. If the telescope has a stop 
screw this must be moved until the instrument satisfies the test. 
Since there is nothing to hold the telescope rigidly in this posi¬ 
tion, the adjustment in the last case is likely to be disturbed at 
any time. 

(2) When the above adjustment is completed the line of sight 
Should be made to coincide with the axis of pivots or parallel to 
it. See Figure 1.23, following. 
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9. ADJUSTMENT OF INSTRUMENTS (CONT«D) 


Wye Level (cont'd) 

ADJUSTMENT OF THE CROSS HAIRS 
(Second Part) 
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Figure 1«23 

Pull out the pins which hold the clips on the telescope and 
turn the clips back so that the telescope is free to turn in the 
wyes. Sight the intersection of the cross hairs at some well-defin¬ 
ed point, using the leveling screws for the vertical motion and the 
clamp and tangent screw for the horizontal motion. Then rotate the 
telescope 180 in the wyes, so that the level tube is above the tel¬ 
escope. The intersection of the cross hairs should still be on the 
point. If not, move the horizontal cross hair half-way back to its 
first position by means of the upper and lower adjusting screws of 
the cross hair ring. Then move the vertical cross hair half-way 
back to its first position by the other pair of screws. Repeat this 
test until the adjustment is perfect. 

b. Adjustment of the bubble tube (indirect method) 

(1) To put the axis of the bubble tube in the same plane with 
the line of sight, bring the bubble to the center of the tube and 
rotate the telescope in the wyes for a few degrees (very little is 
necessary); if the bubble moves toward one end of the tube, that 
end must be higher, which indicates the direction in which the 
adjustment should be made. Move the lateral motion screws of the 
tube until the bubble returns to the center. Test the adjustment 
by rotating the telescope each way. 

(2) To make the axis of the bubble tube and the line of sight 
parallel to each other, first clamp the instrument, then bring the 
bubble to the center of the tube, lift the telescope out of the 
wyes, turn it end for end and set it down in the wyes, the eye end 
now being where the objective was originally. See Figure 1.2U. 
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9. ADJUSTMENT OF INSTRUMENTS (CONT'D) 

Wye Level (cont’d) 

ADJUSTMENT OF THE BUBBLE TUBE 
BY INDIRECT METHOD 



Figure 1.2U 

This operation must be performed with the greatest care as the 
slightest jar of the instrument will Impair the results. If the 
bubble returns to the center of the tube, the axis of the tube is 
in the correct position. If it does not return to the center, the 
end of the tube provided with the vertical adjustment should be 
moved until the bubble moves half-way back to the center. This 
test must be repeated to make sure that the movement is due to 
defective adjustment and not to the jarring of the instrument. 

c. Adjustment of the Wyes. 

To make the axis of the bubble tube perpendicular to the ver¬ 
tical axis of the instrument, bring the two clips down over the 
telescope and fasten them. Level the instrument, bring the bubble 
precisely to the middle of the tube over one set of leveling screws, 
and then turn the telescope 160 about the vertical axis. If the 
bubble moves from the center, bring it half-way back by means of 
the adjusting screws at the foot of one of the wye supports. See 
Figure 1.25. 
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9* ADJUSTMENT OF INSTRUMENTS (CON^D) 

Wye Level (cont'd) 


ADJUSTMENT OF THE WYES 



Figure 1.25 

Since the bubble is brought to the center of the tube each time 
a rod-reading is taken, this last adjustment in no way affects the 
accuracy of the leveling work but is a convenience and a saving 
of time. 

Dumpy Level. A dumpy level is in adjustment when: 

a. The horizontal cross hair is truly horizontal with the instru¬ 
ment leveled. 

b. The axis of the bubble tube is perpendicular to the vertical 

axis. 

c. The axis of the bubble tube and the line of sight are parallel. 
The adjustments are made in the following order: 

a. Adjustment of the cross hair. This is made in exactly the same 
manner as described under Adjustment #2 for the transit. 

b. Adjustment of the bubble tube. To make the axis of the bubble 
tube perpendicular to the vertical axis, it is necessary — due to the 
construction of the dumpy level — to make the adjustment before making 
the line of sight parallel to the bubble tube. It is done by center¬ 
ing the bubble over one pair of leveling screws, and turning the in¬ 
strument 160° about the vertical axis. If the bubble does not remain 

in the center of the tube, move it half-way back to the center by means 
of the adjusting screws on the level tube. 


9. ADJUSTMENT OF INSTRUMENTS (OONT»D) 

Dumpy Level (cont’d) 

c. Direct or "Peg" adjustment. To make the line of sight parallel 
to the axis of the bubble, perform the two-peg test. Follow the same 
procedure as described under Adjustment for the transit, except that 
instead of adjusting the telescope bubble, raise or lower the horizon¬ 
tal cross hair by means of the cross hair reticule screws until the 
correct reading is obtained on the far rod. 

The two-peg test may also be used when making this adjustment on 
the wye level, although the indirect method as described under adjust¬ 
ment of the wye level is simpler. 

Hand Level. To adjust a hand level hold it alongside an engineer’s level 
that has been leveled and sighted on some well-defined point. The line of 
sight of the hand level should strike the same point when the bubble is 
centered. 

If the above condition is not satisfied, the adjustment should be made 
as follows; 

Locke Hand Level. Adjust by means of the screw at one end of the 
level tube, which moves the cross-wire defining the line of sight. 

Abney Hand Level, Adjust by raising or lowering one end of the level 
tube until the bubble is centered, the index having first been set at 
zero on the graduated arc. The principle of the two-peg method of adjust¬ 
ment as described in this chapter for the engineer's level may also be 
used. 

Adjustment of the Plane Table Alidade. 

Adjustments of the telescopic alidade require no additional principles 
of adjustment that have not been explained as they apply to the transit or 
level. Survey work done with the plane table and telescopic alidade is not 
required to be as precise as when the work is done with the transit; there¬ 
fore, the adjustments need not be as refined. 

Since the telescope is not reversed in a vertical arc, no appreciable 
error is caused because of lack of perpendicularity between the line of sight 
and the horizontal axis, or through lack or parallelism of the line of sight 
with the edge of the ruler. It can also be assumed without appreciable error 
that the edges of the ruler are straight and parallel and that the horizontal 
axis is parallel to the surface of the ruler. 

1. Adjusting the control level so that its axis is parallel to the 
ruler* 

a. The test and correction is the same as described for adjustment 
of the plate levels of the transit except that reversing of the 
plate or ruler is accomplished by carefully marking a guide line 
on the plane table sheet. 

b. The board is not reversed. 
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9. ADJUSTMENT OF INSTRUMENTS (OONTT?) 

Adjustment of the Plane Table Alidade (confd) 

2. Adjusting the vertical cross hair so that it lies in a plane perpen¬ 
dicular to the horizontal axis: 

a. The test and adjustment is the same as for the transit. 

3. Adjusting the telescope level so that its axis is parallel to the 
line of sicfit: 

a. The test aiid correction is the same as described for adjustment 
of the telescope level on the transit. 

If the alidade is one in which the telescope can be rotated about its 
axis in a sleeve, the two adjustments described below under (1) and (2) should 
be used. These adjustments are practically the same as those described for the 
corresponding adjustments of the wye level. 

(1) Making the line of sight coincide with the axis of the tele¬ 
scope sleeve: 

a. In making the test the intersection of the cross hairs 
should be sighted on some well-defined point and the 
telescope carefully rotated through 180”. Generally the 
rotation is limited by a shoulder and lug. If the inter¬ 
section of the cross hairs stays on the point the line of 
sight coincides with the axis of the telescope sleeve. 

(2) Adjusting the axis of the striding level so that it is parallel 
to the telescope sleeve and therefore parallel to the line of sight. 

In making the test the striding level is placed on the 
telescope and the bubble is brought to the center of the level 
tube. The striding level is then carefully removed and turned 
end for end and replaced on the telescope barrel. If the bubble 
returns to the center of the tube the level is in adjustment. If 
the bubble is not centered, it should be brought back one-half 
of the displacement by means of the adjusting screw on one end 
of the bubble tube. 

The bubble should then be brought to the center by means 
of the tangent screw and the test repeated. 

U. Adjusting the vernier to read zero when the line of sight is 
horizontal: 

a. This adjustment is the same as described for the transit. 

b. Adjusting the auxiliary level on the vernier arm so that its 
axis is parallel to the axis of the telescope when the vernier 
reads zero. 
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9. ADJUSTMENT OF INSTFUMENTS (OONT»D) 

Adjustment of th« Plane Table Alidade (contM) 

U.b. (cont^) 

The telescope bubble should be brought to the center of its 
tube and the vernier moved by means of the tangent screw until 
it reads zero. If the auxiliary level on the vernier arm is 
not centered, it should be moved by means of the capstan-headed 
screws until it is in the center of the tube. 

10. SURVEY FIELD NOTES 

Field notes are the record of a survey with the data recorded in such 
form that it can be readily interpreted by anyone having a knowledge of 
surveying. They consist of numerical data, explanatory notes and sketches. 
They should include the names of the survey party member, date, weather con¬ 
ditions, and a title of the survey giving its location and nature or purpose. 

The notes should all be recorded in a field notebook at the time the 
work is being done. Do not leave anything to the memory or copy from tem¬ 
porary notes. All entries should be clear, concise and legible. 

All data pertaining to one survey or project should be entered in the 
same field book or series of books. Leave sufficient space in the front of 
each book to permit proper indexing when surveys are completed. If loose 
leaf notebooks are used for a series of small jobs on an individual farm, 
each set should have the same information regarding survey party members, 
date, weather, etc., as previously described. These should be bound and 
filed so that they can be readily found when needed. 

The use of sketches in field notes are very important in conveying the 
correct impression to others who may use the notes in plotting the data or 
using it in design of various structures. They should be drawn approximately 
to scale. 

When making surveys for the design of storage, flood control and diver¬ 
sion dams, gully control structures, drainage ditches or stock water dams, 
the line of direction of the survey must be clearly indicated in the notes. 

Form 

The form in which notes are recorded varies for the different types of 
surveys made. However, insofar as possible for each type of survey, a 
uniform sustem should be prescribed and followed. The notes would then be 
readily understandable when personnel are transferred from one location to 
another. Sample forms of field notes for recording data on various types 
of surveys are shown in the ensuing paragraphs. 
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Indexing 
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Indexing of field notebooks will provide an efficient method of locat¬ 
ing field data for various surveys. To be of greater value the index should 
be kept current. 

In setting up an index system for field notes the following points are 
important* 


a. Number each field notebook on the right hand page consecutively 
and show work unit name and address on the inside of the cover. 

b. Leave the first two or three pages of the book for indexing of 
various surveys. 

c. Number the pages on one side through the entire book. 

d. Set up Master Index Book in alphabetical order. 

11. TYPES OF SURVEYS 



Differential Leveling 

Every construction project of appreciable size requires the establish¬ 
ment of elevations on bench marks of a more or less permanent nature. Ele¬ 
vations for a given locality or project are referred to these bench marks. 

The U. S. Geological Survey has established bench marks in nearly all major 
cities in the United States and at scattered points in less populated areas. 
They are generally bronze caps securely set in stone or concrete with eleva¬ 
tions referred to mean sea level. Their primary purpose is to provide con¬ 
trol points ; for topographic mapping. They are, however, also useful as points 
from which other bench marks may be established for public or private projects. 
Other government, state and municipal agencies as well as private and public 
utilities companies have established similar monuments. 

When starting a new project, levels are run from either a bench mark 
of known elevation or one with an assumed elevation. If the project is small 
a more or less permanent bench mark is selected with a known or assumed ele¬ 
vation, and elevations of the project are referred to It. If the project is 
large, it is desirable to start from a bench mark of known elevation and estab¬ 
lish bench marks at scattered points in desirable locations for future ref¬ 
erence. 



The operation procedure and field notes used in running a bench level 
circuit is called differential leveling. It may be considered basic to all 
systems of leveling work. The beginner should be thoroughly familiar with 
the basic system. A bench level circuit is run for the purpose of deter¬ 
mining the relative elevations of two or more bench marks. The circuit may 
start from a highway or USG5 bench mark or from some point of assumed eleva¬ 
tion. A bench level circuit is frequently run as a part of profile or cross 




Differential Leveling (contM) 

sections level or as a part of a topographic survey. In any event the 
basic procedure and notes will be the same. 


On large projects such as long drainage ditches, large reservoir areas 
or large areas of topographic mapping, it is desirable to run the bench 
level circuit separately from all other survey work. If this is not done, 
and mistakes occur, a great deal of additional work will be required to 
carry corrections through the survey notes. BENCH LEVELS SHOULD ALWAYS 
BE "CLOSED" ON THE STARTING POINT. That is, after the last bench mark is 
set, levels should be run back to the starting point as will be described 
in the procedure. 


Procedure. 

a. The level is set up at some convenient point between the start¬ 
ing bench mark and the next bench mark or turning point, but usually not 
over 300 feet from the starting bench mark. It is difficult to read the 
level rod at distances over 300 feet. A little practice will reveal what 
should be the limiting distance for the particular level being used. 

b. The instrument man begins his field notes by recording the 
following information. See Figure 1.27. 

(1) Location of survey, including name of project, farm or 
farmer and the legal description of the quarter-quarter 
section in which the starting point of the survey is 
located. 

(2) Type of survey such as "bench level circuit", profile and 
cross section drain, or similar description. 

(3) Kind of practice and purpose of survey, (Design, con¬ 
struction, etc.) 

(U) Farm number, field number and ACP identification (when 
applicable) 

(5) Weather conditions. 

(6) Name of surveyors. 

(7) Date of survey. 

(8) Column headings on left-hand sheet. 

(9) Description of starting bench mark. Include reference to 
the field book in which the elevation of the bench mark 
was originally recorded. If it is a new bench mark with 
an assumed elevation, no such notation need be made; how¬ 
ever, this assumed elevation should be in even feet, as 
100.00 or 200.00 feet. 

c. With the rodaan holding the rod on the bench mark, the instru¬ 
ment man observes the rod reading and records it in the B.S. + (back sight) 
column opposite the station (Sta.)Bt 1. Referring to Figures 1.26 and 
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Procedure c. (cont'd) 1.27 respectively, it will be noted that the back¬ 
sight'on BMl was 6,62 feet. This reading, added to ll+l*.62 (elevation of 
EMI) recorded in beginning the field notes, gives 151.UU, the HI, (Height 
of Instrument) or elevation of the line of sight. 

d. The rodman then moves ahead and picks out a convenient point 
for a turning point, or drives his hand axe into the ground for this 
purpose. The instrument man turns the telescope and takes a rod reading 
on this turning point. He records this reading in the foresight (FS) 
column opposite turning point (TP) 1. In Figures 1.26 and 1.27 the fore¬ 
sight for TP 1 was 5«17 feet. This reading substracted from the HI, 

15 > 1 . hh> gives 11*6.27, the elevation of the turning point. 

METHOD-DIFFERENTIAL IEVELING 



Figure 1.26 
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Procedure (contM) 


e. The instrument man then picks up the level) moves ahead, and 
goes through the same process described above, taking a backsight on TP 1, 
and a foresight on a new turning point ahead. A word of caution is appro¬ 
priate at this point; if the survey is to be reasonably precise, each fore¬ 
sight distance should be balanced against the preceding backsight distance 
to nullify instrumental errors. 

f. After the elevation of the last bench mark has been determined, 
the survey party runs levels back to the starting bench mark in order to 
"close" the circuit. Referring to Figure 1.27, it will be noted that the 
foresight on EM3, the last EM in the circuit, was 3.6U, giving an elevation 
of l55>.3li for EM3. It will also be noted that the backsight on EM 3 was 
3.02 feet. This indicates that after taking the foresight on EM3 and com¬ 
puting the elevation, the level was pulled up and reset in a different place. 

The level should always be pulled up and reset before starting to run the 
closing levels back to the starting bench mark. Levels are then run back 

to the starting bench mark following the same procedure used in running out 
the original circuit. Note that in a bench level circuit bench marks should 
always be used as a turning point. 

g. After taking the final foresight on the starting bench mark, 
the "error of closure" can be determined. This is the difference between 
the actual elevation of the bench mark and the elevation computed from the 
final foresight. Referring to Figure 1.27, it will be noted that the eleva¬ 
tion computed from the final foresight was 0.02 feet too high or +0.02 feet. 

Precision. Precision of differential leveling depends on more factors 
than any other operation of surveying. It depends upon the skill and care of 
the leveler and the degree of refinement with which the work is done. It is 
also influenced by the instrument employed. For a given length of line and 
other conditions remaining equal the error will tend to vary as the number 
of setups above a certain minimum} therefore, the precision would be expected' 
to be lower in hilly country where the sight distances are limited than it 
would be In flat country where normal backsight and foresight distances can 
be used. However, above a certain length of sight the error in reading the 
rod increases rapidly with the distance, so the precision will be less for 
long sights than for those of normal length. Erroneous length of rod, unequal 
refraction and other causes also affects the precision of leveling more be¬ 
tween two points at or near the same elevation than it does if the two points 
have a large difference in elevation, even though the distances are the same. 

Since conditions are so variable, no hard and fast rule can be laid down 
as to the precision that should be attained. Practice indicates that under 
average conditions, with a level in good adjustment, the error may be kept 
within the limits prescribed below. 

a. Rough leveling for rapid reconnaissance or preliminary surveys. 
Rod readings to tenths and no particular attention paid to balancing back¬ 
sight and foresight distances. Maximum error in feet ♦ O.liVdistance in m iles 
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Precision (contM) 

b. Ordinary leveling such as Is needed for the construction of 
roads, railroads and most other engineering vorks. Rod read to hundredths. 
Solid objects used for turning points. Backsight and foresight distances 
roughl y balanced. Sight s tip to 500 feet. Maximum error in feet 

♦ 0.1ydistance in miles. 

c. Accurate leveling for important or principal bench marks on 
extensive surveys. Sights up to 300 feet. Rod read to thousandths either 
vith target or self-reading rod. Backsight and foresight distances approx¬ 
imately balanced between bench marks and determined by pacing. Bubble cen¬ 
tered carefully before each rod reading. Rod waved for large readings. Good 
turning points such as metal pins or well-defined point s on solid objects. 
Tripod on firm ground. Maximum error in feet. ♦ 0.05y distance in miles. 

d. Precise leveling requires many more precautions and will not 
be desc ribed: however, the m aximum error in feet should not exceed 

♦ 0.02 V distance in miles 

In the previous description of differential leveling it will be noted 
that the elevation computed from the final foresight was 0.02 feet too high 
or -0.02 feet. The length of the circuit is approximately 1 mile; using the 
formula for accurate leveling, we find the permissible error ■ ♦ 0.05 Vl "0.05. 
The actual error is 0.02 which is less than that permitted. Level note compu¬ 
tations should be checked by adding the backsight and foresight columns as 
shown in Figure 1.27. The difference should equal the error of closure and 
should be in the same direction - that is, plus or minus. This check merely 
proves the accuracy of the addition and subtraction performed in the notes. 

If the foresights and backsights do not check, it will be necessary to re¬ 
check the computation of elevations and heights of instrument until the mis¬ 
take is found. 

Profiles and Cross Sections. The object of profile leveling is to deter¬ 
mine '€Ee^TevaFTons^FTKe~grouncl at known distances apart and along a select¬ 
ed or predetermined line. These elevations can then be plotted on profile 
paper at selected scales so that studies can be made relating to grades, depths, 
high and low spots, and estimating of quantities of cuts and fills. Cross- 
sections are simply profiles taken at right angles to a predetermined base 
line such as the centerline of a road, ditch, gully or other arbitrarily selec¬ 
ted base line. Cross sections may be run in conjunction with profile levels, 
or they may be run after the profile line has been staked and profiles taken. 

On many engineering projects it is customary to stake out a line with a 
transit and tape before running the levels for profile and cross sections. The 
transit line may be the centerline of a drainage ditch, dam, or irrigation 
ditch, or an offset line. It may be a continuous straight line, a broken line, 
or a curved line. The procedure for running traverse surveys will be ejqplained 
in more detail in the ensuing chapters. 
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Profiles and Cross Sections (con^d) 


a. The procedure in running a profile, and recording field notes, is 
essentially the same as In running bench levels, except that rod readings 
are taken on the ground at field stations and at major breaks in slope be¬ 
tween stations. Distances between readings are measured and recorded by full 
or plus stations. Normally, a line on which a profile is to be run is located 
and stationed before or during the time profile levels are taken. 

b. Wherever possible, set a bench mark near the starting point stake. 

If this cannot be done, it will be necessary to run levels from the nearest 
bench mark to the starting point. Location of the starting point stake is 
described in the notes so that it can be relocated if it is pulled out or 
otherwise lost. The start of the profile should be at a full station. It 
may be 0 ♦ 00 or any other selected full station. Frequently, it is desir¬ 
able to use a higher station as 10 ♦ 00 or 20 ♦ 00 where it is anticipated 
that it may be necessary to run the profile both ways from the starting 
point. This is done in order to avoid having to record minus stationing, 
which is always confusing. Normally the starting station for surveys involv¬ 
ing streams, waterways, irrigation canals or ditches and gullies should be 
located at the upstream end and proceed in the direction of flow. In some 
cases however, topography and the system to be surveyed might be such that 
the survey work could be accomplished with less time and effort by locating 
the starting point at the downstream end and proceeding upstream. This is 
especially true for drainage surveys. In all surveys which might involve 
computations for water surface profiles the stationing numbering should pro¬ 
ceed progressively downstream. The sample field survey notes. Figure 1.28, 
illustrate the use of a station other than 000 for the starting point. In 
this case, the survey party started at station 2000, ran the profile back 
to station 9*00, then started again at station 2000 and ran the profile 
down to station 2000. 

c. After establishing a starting point, the instrument man sets up the 
level and reads a backsight on the benchmark and determines the HI. He then 
observes a rod reading with the rod held on the ground at the starting point. 
He gives a ground rod reading at each full station and at such plus stations 
as are necessary. Ground rod readings are taken to the nearest 0.1 foot and 
grqund elevations are computed only to the nearest 0.1 foot. 

d. When the rodman has moved along until he is about 300 to 350 feet 
away from the instrument, a TP is taken on a solid object. The instrument 
man then moves ahead, -sets up, takes a backsight on TP, computes a new HI, 
and continues as before. Rod readings and elevations on TPs and Ms should 
be read and recorded to 0.01 foot, but in computing ground elevations use 
the HI only to the nearest 0.1 foot. 

e. If a transit line has not been previously run and recorded, a sketch 
should be drawn in the field book to indicate changes in direction of the pro¬ 
file and its relationship to nearby landmarks. Plus stations should always 

be measured and recorded at all important points along the profile line, such 
as at branch ditches, tile laterals, gullies, gully overfalls, culverts. 
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11. TYPES OF SURVEYS (OOMT»D) 

Profiles and Cross Sections (cont^d) 

brlctges, roads, fence lines, headgates or takeouts, drops, checks, and 
similar features. It is useful to have this information in studying the 
profile and later in staking construction works on the ground. 

f. Frequently it will be desirable to set a hub stake (2"x2"xl6" stake 
driven flush with the ground) every £00 feet or less in order to "tie in" or 
relate other survey work to the profile. 


g. The sample survey notes (Figure 1.28) indicate the method of record¬ 
ing cross-section notes when cross sections are run at the same time as the 
profile. Stations are selected as shown in Figure 1.28 at which it is desired 
to obtain cross sections. The stationed line or transit line is used as the 
base line from which measurements are taken to both sides at right angles to 
the base line. Sometimes an offset line is used and cross sections are taken 
only to one side or both sides as is deemed necessary to obtain the informa¬ 
tion desired. A rod reading is taken on the stationed line at the station 
and recorded on the right-hand page opposite the appropriate station. For 
example, station 3000, Figure 1.28. Since this reading was taken on the 
base line, it is recorded as 11.2 and recorded directly on the centerline 
of the right-hand sheet of the field book. The rodman then moves out at 
right angles to the base line with the rod and one end of the tape to the 
first major break in ground slope. The rear chainman stands at the base 
line, reads and calls off the distance from this point to the rodman. The 
instrument man reads the rod and records the distance and rod reading either 
to the right or left of the centerline of the right-hand sheet, depending on 
which.side of the line the shot was taken. The rod reading and distance are 
recorded as follows: 10.6 the top number being the rod reading and the bottom 


number the distance. The process is continued until the cross section is run 
out as far as necessary in one direction. The rodman then returns to the base 
line and a similar process is repeated in the opposite direction. Elevations 
along the cross section line are generally not computed in the field tinless 
they will be plotted in the field. This work is usually done in the office. 


h. It is not essential that the zero of the cross section be the center- 
line of the gully, ditch or stream. In some cases, the profile line may be 
along the bank of a ditch. In any case, the zero of the cross section-is on 
the base line. 


It is essential that the instrument man indicate in the field notes the 
direction of the cross section in such a manner that it will be clear to him 
or to a draftsman in the office. On ditch, gully or stream cross sections, 
it is standard practice to refer to "right" and "left" bank, when facing 
downstream. Where a cross section is taken at a proposed structure site it 
should be located so that this line may be reproduced later if required. This 
can be done by setting a hub stake at the zero point of the cross section and 
one or more additional stakes on the cross section line 30 to 100 feet from 
the zero point. These stakes should be driven nearly flush with the ground 
so they will not be disturbed. 
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Profiles and Cross Sections (cont'd) 


i. Cross sections are generally taken to compute volume or quan¬ 
tities of material. Sometimes they are taken to study the hydraulic 
characteristics of gullies, streams, or other meandering watercourses. 
They do not provide a very satisfactory method on constructing a 
topographic sketch.. For methods of topographic mapping, see Topographic 
Surveys under Types of Surveys. 
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11. TYPES OF SURVEY’S (OONT«D) 


Vertical Curves 

Mary times it is desirable to employ use of the vertical curve when 
laying short sections of pipe line, siphon or other structures which may 
change direction in a vertical plane. Usually the vertical curve is an arc 
of a parabola and.is well adapted to produce a gradual change in direction. 

The following field notes and example problem will illustrate one method 
of determining elevations along a vertical curve and the placing of pipe at 
the curve elevation or at some other desired location. 

The notes in figure 1.29 show elevations at each 25 feet of stationing 
along the proposed centerline of the pipe. (See profiles and cross sections) 
These elevations are plotted on cross-section paper and the tangents to the 
vertical curve are then laid in. See figure 1.30. The choice of tangent 
line location may be influenced by depth of cut, rate of change of the curve, 
inlet or outlet conditions and length of curve, as well as the character of 
the pipe that will be installed. Each individual case should be investigated 
for the most economical design. 

Example! It is desired to lay an 18 inch siphon pipe down the ground 
slope shown Tn figure 1.30. A maximum cut of 3 feet can be permitted. 

Required; 

1. Elevations every 25 feet for invert of pipe and depth of cut 

at each station. 

Solution; 


1. Draw ground surface profile of centerline on cross-section 
paper. 

2. Lay in tangent AV to curve and project line AV to D. (AV»VD). 
Drop vertical line from point D to point B. Draw tangent VB. 

3. Calculate elevations for each 25 foot station on the tangents. 
Tangent AV: 

Length ■ 125 feet 

Difference in elevation between points A and V » 25.0 - 2iu5 * 
0.5 foot. 

Drop in grade from point A to point V by 25 foot stations is 
0.5 ■ 0.1 foot 

T 

Similarly for tangent VB; 

Difference in elevation from point V to B ■ 2lu5’ - 18.0* ■ 
6.5 feet 

The drop in grade between each 25 foot station is ■ 6.5 ■ 1.3* 
h. Draw long chord AB. 

Elevation of midpoint, C, of long chord is 
elev a + elev B ■ 25.0 + 18.0 • 21.5' 

- 2 - - 5 - 
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The midpoint of the vertical curve is midway between the 
vertex V and the midpoint of the long chord, C. 

Elevation of midpoint of curve • 

21*.5 ♦ 21,5 ■ 23.0 feet 
- 5 - 


The tangent offset distances from the tangents to the curve may now be 
computed by employing the property of the parabola in which the tangent off¬ 
set varies as the square of the distance from the tangent point. These dis¬ 
tances may then be subtracted from the tangent point elevation at each station 
to obtain the curve elevations. 


The offset from the vertex, V, to the curve is 2l*.5 - 23.0 ■ 1.5 feet. 

The tanaent offsets from stations 1*0*50 and 1*1*00 is 
(100)? x 1.5* - 0.96* 


► tangent offsets from stations 1*0+25 and 1*1+25 is 

J75j! x 1.5* - o.5M " 

tangent offsets from stations 1*0*00 and 1*1+50 is 
(50)‘ x « 0 .2l*' 


The tangent offsets from stations 39*75 and 1*1*75 is 
~ x 1.5' - 0.06» 



These offsets may be plotted, the curve drawn, and elevations established 
for points on the curve. See Figure 1,31. 

The pipe invert elevations may also be determined for each 25 feet sta¬ 
tion when it is desired that the pipe should be set at some place other than 
on the curve line. 

In figure 1.31 the pipe invert was placed 2.0 feet below curve line. 
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11. TYPES OF SURVEYS (OOMT’D) 

Vertical Curves, (contM) 

TABULATION OF VERTICAL CURVE DATA 
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Traverse or Route Surveys 

A traverse survey consists of a series of connected lines, of which the 
lengths, and angles between them, 'have been determined by measurement. There 
are two kinds of traverses, (1) the closed traverse and (2) the open traverse. 

A closed traverse is one which starts at some point, makes a circuit and 
eventually returns to the beginning point. A survey of the boundaries of a 
parcel of land is an example of this type of traverse. 

The open traverse does not return to the point of beginning. Examples 
of this type of traverse are route surveys, for highways, railroads, large 
drainage ditches, etc. For point of beginning of irrigation or drainage 
surveys see paragraph b under Profiles and Cross Sections. In its simplest 
form no checks by calculations can be made; however, if such a traverse 
starts and ends on points of which the coordinates are known some sort of 
check can be made because it will in fact constitute a closed traverse. 

It is customary in closed traverses to record the length of each line 
that is the distance from angle point to angle point. However, in route 
surveys or open traverse the line is measured continuously from the start¬ 
ing point to the end of the line. (See chaining for manner of stationing 
the line). 
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11. TYPES OF SURVEYS (CONT'D) 


Traverse or Route Surveys (cont'd) 

Angles are measured with the transit. Checks are made by doubling the 
angles or by repeating a sufficient number of times to secure the desired 
precision. Angles are measured in several ways, (1) by turning to the 
right, (2) measurement of the interior angles, (3) measurement of the 
deflection angles, (ii) measurement of the Azimuths. 

Important points or stations should be "tied in" so that they may be 
readily found or replaced. Not less than three horizontal measurements 
to the nearest 0.01 foot should be taken from readily identifiable perman¬ 
ent points to the station. The measurements should be carefully recorded 
by means of a sketch as in Figure 1.32 below. 


TIES TO TRAVERSE STATION 



Procedure. In making a survey with the transit, the field work can 
ordinarily be divided into (l) the establishment of the transit stations 
and transit lines by angular and linear measurements, and (2) the location 
of objects and points with respect to the transit line. The transit line 
forms the skeleton of the survey and is referred to as the horizontal con¬ 
trol; measurements taken to locate objects or establish points furnish the 
details for the survey. For some surveys the detail secured is little; 
surveys to establish the boundaries of land where the transit stations are 
usually at the corner, and if the boundaries are straight require a few 
measurements of detail. 

On other surveys the location of features away from the transit line is 
the greatest part of the work. For example, in topographic surveying every 
transit station may have many points to which measurements are taken to 
obtain adequate information for construction of the map. Sometimes the 
collection of details is taken as the work of laying out the transit line 
proceeds; for others the details are obtained after the transit line has 
been established and checked. If the survey covers a large territory, the 
latter procedure is most likely to be used. 

The object of the survey is either (1) to locate certain features of the 
landscape, or (2) to establish points and lines with respect to length and 
direction so that they can be used as a guide for future work. 
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Procedure (cont *d) 


11. TYPES OF SURVEYS (CONT'D) 


The procedure used to run a transit traverse is much the same for one 
type of traverse as for another. Since most traverse surveys connected 
with Soil Conservation work consist of establishing a route and since the 
deflection-angle traverse is the one most commonly used for this purpose, 
it will be explained in detail. Another type of transit traverse will 
be described under Topograpriic Surveys. 

Deflection Angle Traverse. The deflection angle traverse provides a 
means of locating points for either a closed or continuous traverse. This 
type of survey is widely used and is adaptable to obtaining of detail and 
topography, but is generally employed for location of roads, canals, center- 
lines and boundaries. 

A deflection angle is the angle between a line and the extension or 
prolongation of the preceding line. 

DEFLECTION ANGLES 



Figure 1.33 

Deflection angles are recorded as right or left. In Figure 1.33 the 
angle at B is 29° - 10» left because the angle was measured counter-clockwise 
from the prolongation of the preceeding line (A-B). The angle at C is 
L8° - 30 * right because the angle was measured clockwise from the extension 
of lane B—C. 

This method an angular measurement readily lends itself to the calcu¬ 
lation of bearings if one of the lines is known. 

In Figure 1.33, the bearing of line A-B is given as S 82°E. Therefore, 
the bearing of line B-C is 160° - 82° - (29° - 10') = N 68° 50'E. The 
bearing of line C-D would be 180° - (66° - 50') - (1|8° - 30*) = S 62° UO'E. 

Procedure for taking deflection angles; (See examples of deflection 
angle traverses, Figures 1.3L, 1.U8 and 1.U9* 

a. Set transit on point E and set index of vernier at 0° . (See 

Figure 1.3U). 
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Deflection Angle Traverse (cont*d) 

b. With lover clamp loose, sight on point D and tighten clamp. With 
lower slow motion screw, ^ight point D exactly. (Telescope is direct). 

c. Reverse telescope, loosen upper clamp and rotate transit about its 
vertical axis in the direction (to the left) of point F. Tighten upper 
clamp and by means of tanaent screw sight point F exactly. The angle is 
then read and recorded. (62° - 00* LT) 

d. Leaving telescope in reversed position, loosen lover clamp and 
rotate transit about vertical axis and sight point D again by use of tangent 
screw and lover clamp. 

e. Rotate telescope (now in direct position) and turn angle (to the 
laft) and sight point F by means of upper clamp and tangent screw. The 
angle has now been doubled (123° - 30* LT) and one-half of the total record¬ 
ing is the correct deflection angle to use. 

Example! (Figure 1.34, point E) 

1st angle - 62° - 00‘ LT 

Double angle ■ 123° - 30 f LT 

The mean deflection angle is 61° - 45' LT 

f. Deflection angles are obtained in this manner for each point around 
the traverse. 

g. Establishing distances between traverse points may be done by 

(A) stadia or (B) chaining. When more accuracy is required the use of the 
chain is recommended. The transit is used to keep chainman on line and to 
obtain any vertical angles necessary to correct inclined distances to true 
horizontal. 

The notes illustrated in Figure 1.34, show a method of running a deflec¬ 
tion angle traverse (closed). This type of notes may be used when a deflect* 
ion angle traverse is made for determining location and route of canals, 
ditches, roads and pipe lines. This is the continuous or open type survey 
where stakes are set at 100 foot stations. (See Figure 1.51) 

The center line of the right hand page represents the traverse. The 
notes are kept up the page and items noted in the sketch should be opposite 
to the stationing shown on the left hand page. 
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11. TYPES OF SURVEYS (CONT'D) 

Circular Curves. It is sometimes necessary or desirable to place a 
circular curve at the intersection of two tangent lines. (See Figure 
1.35). Curves help reduce the rate of change of direction, improve hydrau¬ 
lic characteristics of. canals and drains, or may be put in to improve 
appearance of an installation. Railways and highways use circxilar curves, 
in conjunction with spirals or transition curves to give smoother, safer 
riding while changing direction. 

CIRCULAR CURVES IS TRAVERSE SURVEY 





Note: Distance from PC to PI is the tangent distance of the curve while the 
distance along the curve from PC to the PT is the curve distance. 

Figure 1.35 

In conservation work circular curves may well be applied to drains, 
irrigation canals and ditches, dikes and other earthen structures. 

Elements of a circular curve: 

a. R - radius of the curve in feet. 

b. V - vertex or point of intersection (PI) of the two tangents 

to the curve. 

c. I - intersection angle is the deflection angle (right or left) 

of the two tangents and is equal to the angle between the 
radii• 

d. P.C. - point of curvature is tne point where tne tangent "A" 

(See Figure 1.36) ends and the curve begins. 

e. P.T. - point of tangency is the point where the curve ends 

and the tangent "3" begins. 

f. L - length of curve from the P.C. to the P.T. in feet. 

g. T - tangent distance is the distance from the Vertex V (or P.I.) 

to the P.C. or P.T. in feet. 

h. E - external distance is the distance from the Vertex V, to the 

midpoint of the curve in feet. 

i. C - the long chord is the straight line distance from the P.C. 

to the P.T. in feet. 

j. M - middle ordinate is the distance from the midpoint of the 

curve to the midpoint of the long chord in feet. 
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11. TYPES OF SURVEXS (CONT'D) 

Circular Curves (cont'd) 

k. D - the degree of curve is that angle at the center subtended 
by a qhord of 100 feet# 

ELEMENTS OF CIRCULAR CURVE 



The following relationships exist between the various curve elements: 

a. T = R tan I 

7 

b. E * R exsec I 

7 

c# sin i D - $0 
R 

d. C — 2R sin I 

7 

e. L = 100 I (Curve length measured along chords) 

D 

f. M - R vers I 

7 

The example on the following page will illustrate the use of the fore¬ 
going formulae with the use of natural trigonometric tables only. 
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Example 1 

Given* Intersection angle, I • 38°I*0 'j tangent distance T ■ 150.0'. 

Find* 

1. Radius, R 

2. Degree of Curve, D 

3. Length of Curve, L 

1*. Compute external distance, E 

5. Compute deflection angles and points on the curve 

(1) From "a" above, to find Radius, R* 

T = R tan I or R = T 

i Tsn 

•s 

I = 38°UO», I = 19°20» 

2 

tan 19°20* = .35085 

R = 150.0 = 1*27.53 feet 

.355B5 

(2) From "c" above, to find degree of curve* 

sin &> = 50 = 50 = .11695 

TT2733 

= 601*3' 

D = 13°26» 

(3) From "e" above, to find length of curve, L* 

L = 100 x 38.66° = 287.86 feet 

•nnn 0 

Note* The length of curve may also be found by the formula L = RI, 
where the angle I is in radians. This length will be slightly longer and 
more precise, as it represents the true arc length. 

(1*) From "b" above, E ■ R exsec I* 

"2 

E = 1*27.53' (.05976) - 25.55' 

Parts of this same problem may be resolved by the use of prepared tables. 
These tables usually give the elements for a 1° curve, dividing the given 
figures by an element of the desired degree of curve the proper values are 
obtained. 


The following example has the same elements given as in Example 1* 
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11. TYPES OF SURVEYS (CONT'D) 


Circular Curves (cont'd) 

(1) In a table of tangent distances for a 1° curve, where 

I * 38° - U0» you will find a tangent distance of 2010.2'. Dividing 

this by the given tangent distance of 150.0' in Example 1, we get 

13° - 26' as the degree of Curve, D ( a small correction was made from 
correction tables for tangent distances). 

(2) From a table of Radii, where D s 13° 26' we find Radius R 
equals U27.50' (Example 1 was U27.53). 

(3) Length of curve figured same as in 1. 

(U) From a table of externals to a 1° curve, where I = 38°hO», 

find an external distance of 3U2.1+'. Divide this by D of 13°26' and 
obtain external distance, E, for the curve in question. 

E = 3U2.li = 25.50' (Example 1 = 25.55') 

Tables for solving curve problems may be found in "Railroad curves and 
Earthwork" by C. F. Allen. 


LAYOUT OF CIRCULAR CURVE 
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11. TYPES OF SURVEY (CONT'D) 

When the elements of the curve have been calculated, the actual field 
work of laying in the curve may be done by (1) chord stationing method or 
(2) arc method. The chord stationing method will be explained here. 

The first step in the field location of a curve is to mark on the ground 
the P.C. and P.T. locations (by measuring on line from the vertex of P.I.). 

The calculation of the deflection angle for a 100* chord and sub-chords 
(less than 100') should then be made. The deflection angle for a 100' chord 
is D, and for a sub-chord it may be found by proportion. 

”5 

See Figure 1.37. 

di = 50 x 13°26* = 6 oU 3», di = 3° - 21.5' 

TO T 

D = 13°26», D = 6° - li3' 

d2 = 37.86 x 13°26» = 5° - 05', d 2 = 2° - 32.5' 

“TO" 

A sub-chord was used at the beginning of the curve to make the station¬ 
ing come out even; i.e., 10+50+56' = 11+00. This curve could have been run 
in with two full chords of 100' and a sub-chord of 87.86'. With the transit 
set on the P.C., sight the P.I. or Vertex and set the vernier on 0-00'. Then 
turn a deflection angle toward the P.T. of 3° - 21.5' (see above) for the 
sub-chord of 50*. Measure a distance of 50' from the P.C. to the point on 
the curve. A flagged nail is commonly used to identify each point where the 
line of sight intersects the curve centerline. From the P.C. (station 10+50) 
the point would fall at station 11+00 on the curve. (See Figure 1.37). For 
the next full chord of 100* an additional 6° —U3' is added to 3° -21.5* to 
give an accumulated deflection of 10° - 0li.5' from the tangent line. A dis~ 
tance of 100* is measured from station 11+00 on the curve to the intersection 
of the line of sight and the curve centerline (station 12+00). This point is 
also marked. The next deflection angle is also 69U3* as the chord is 100* 
long. The additional 6°U3* is turned giving a total deflection from the tan¬ 
gent line of 16° - 1*7.5'. A distance of 100' is measured from station 12+00 to 
station 13+00 on the curve, and marked. The last deflection angle for this 
curve is for the sub-chord of 37.86* and is 2° - 32.5* (see above) and when 
added to 16° - U7.5* gives a total deflection of 19° - 20*. This angle when 
turned from the tangent line to the P.T. while the transit is on the P.C. 
should be equal to lx i.e., 38°UO* ■ 19°20* and is a check on deflection 

"2 — 2 — 

angle calculations. 

Transit-Stadia Traverse (Elevations Not Required). The transit-stadia 
survey (sometimes called a stadia-azimuth survey) is used extensively for pre¬ 
liminary work requiring the locations of boundaries, position of points, 
objects, lines, and elevations. This method of surveying is rapid and 
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11. TYPES OF SURVEYS (CONT'D) 

Transit-Stadia Traverse (cont'd) sufficiently accurate for many types of 
Soil Conservation work. 

Stadia surveys usually consist of two parts: (1) the traverse and 
(2) the taking of topography. The first is the horizontal control and the 
second is the vertical control which provides for the taking of elevations 
for preparation of topographic maps, location of details or taking of side 
shots. The two parts of a transit-stadia survey may be done together or 
separately. For small areas the simultaneous establishment of the traverse 
and the topography is frequently done, but for large areas it is advisable 
to run the vertical and horizontal controls and check them before the topo¬ 
graphy is taken. This will detect errors before they are reflected in the 
topographic shots and on any maps being prepared. 

The field work consists of determining horizontal angles (azimuths) to 
points or objects and obtaining distances between points by stadia. When 
running a traverse by the transit-stadia method all directions and angles 
are referred to a reference line. This line may be an established line 
from a previous survey, a true meridian, magnetic meridian, or an assumed 
meridian. The measurement of the azimuth angle is always made in a clock¬ 
wise direction from the zero azimuth. On any given survey the position of 
zero azimuth should always be the same — usually north. (See Figure 1.39). 

AZIMUTHS FRCM NORTH 



s 


Figure 1.39 
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Transit-Stadia Traverse (cont*d) 

Vhen starting the transit-stadia survey, the instrument is oriented at 
the first station in this manner! 

a. Set the instrument on Station A (assume azimuths will be taken 
from magnetic north). 

(1) Set horizontal circle on 0°. 

(2) Point telescope toward magnetic north and release needle. 
Place 0° of magnetic circle at north point and tighten 
lover clamp. 

b. With the instrument oriented, proceed in this manner: 

(1) Loosen upper clamp. 

(2) Measure all angles from magnetic north 

(a) Turn and read all angles in a clockwise direction. 

(3) Complete all work at Station A. 

(li) Sight on Station B and read azimuth of line A-B. 

(5) Keep this azimuth reading set on the circle and move 
instrument to Station B. 

In order to carcy the direction of the meridian from one transit station 
to the next (Station A to B) one of two methods may be used. These two 
methods are: 

a. Set instrument on Station B. (First Method). 

(1) Invert the telescope and sight on A. 

(2) Tighten lover clamp. 

(3) Read the azimuth again ,as a check to see that the reading 
was not changed while instrument was moved from A to B. 

(U) Nov turn the telescope!on its horizontal axis (plunged). 

(5) It nov points in the direction of A-B, whose azimuth ve 
already have. 

(6) The instrument is nov oriented. 

(7) Loosen the upper clamp and proceed in the same manner as 
at Station A. 

b. Set instrument on Station B (Second Method). 

(1) Determine azimuth of line B to A by; 

a. Subtracting 180° from the azimuth reading of line A-B 
if the azimuth is greater than 180° , or 

b. Adding 180° to the azimuth reading of line A-B if the 
azimuth is less than 160° . 

(2) Set the circle on the azimuth reading of line B-A. 

(a) Sight to A with telescope direct. 
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Iraniit-Stadla Traverse (contM) 


( 2 ) 

(b) Instrument is now oriented at B. 

(c) Proceed with survey as before. 

This method avoids the danger of the circle setting becoming shifted 
as the instrument is carried from Station A to B. It also eliminates any 
error resulting from the line of sight not being perpendicular to the 
horizontal axis, (In method N b N the telescope is not plunged). There is 
a possibility, however, of computing the back azimuth BA. incorrectly. 

Distances between transit stations are read twice: that is, a reading 
is taken from A to B and from B to A (See Figure 1.1*0). At each setup 
of the instrument a distance reading will be made both back and forward. 

This will give two independent stadia observations between transit stations 
and the average of the two readings will be the most probable value and 
also serve as a check. 

Whenever possible, stadia readings should be taken with the telescope 
approximately level, thereby eliminating the necessity for reading vertical 
angles. 

Figure 1.1*0 shows a method of note keeping where the azimuths, magnetic 
bearings, rod interval, vertical angles, and horizontal distances are shown. 
The rod interval is shown to facilitate checking the horizontal distances. 

FIELD NOTES - STADIA TRAVERSE SURVEY HORIZONTAL CONTROL 


Cooper afar & yy t 

?rre/7 Zo/-/r? AJa 

Cna'/co/] M OaA. 

/v« /</ A/o. 3 

Secf/ops - 5+6, Z /i 

2M p.etw. A.CP 6 

r\ / 0 / 20 /C 6 

X </ Gc//?n 

Coo/, o/ear 

1 P. Poe 



n 



. . — - — ■ 








O S 




(6) 





A 

/ 



/ 


\ 


<*4 












7 

6 

u 


Figure 1.1*0 - 1 













& Worres? Sfa c//o Tsc/ verse 5/e/d 6 
_ /-+C-/0 no/ /nc/e/e/<?cf 

__ //7 recorded d/sfanc&s, 

_ ][ af/1 or/enfecf 0*on 

_ /Mao- N- _ 


310 ' 


d _ f/nu/c/cr \ 3or/? 


8 _f_ 

ass cQp. _ 

Section corner 

£/. / 42 /. 45 


- HORIZONTAL CONTROL 


1-78 


11. TYPES OF SURVEYS (PORT'D)' 


Transit-Stadia Traverse (cont*d) 


Vertical angles under 2° may be neglected when using stadia to obtain 
distances on preliminary surveys. The stadia distances (shown in Figure 
1.1*0) which had vertical angles associated with them were corrected by the 
use of tables. 

Stadia surveys should be tied into existing surveys, legal comers, etc. 
whenever possible as this facilitates plotting and orienting the survey. It 
cannot be over emphasized that clear, complete sketches in the field note¬ 
book are necessary for the correct interpretation of the notes. 

Transit-Stadia Traverse (Elevations Required). In making this type of 
survey the elevations of points, as well as their locations in a horizontal 
plane, are determined. This may be done after the original traverse for 
horizontal control has been established or may be carried on simultaneously 
with the establishment of the transit stations. 

When a traverse has been completed and checked and it is then desired 
to obtain elevations of the transit points and other details, the following 
procedure may be used (using same survey as Figure 1.1*0). 

a. The instrument is set on £ 

(1) An angle of 175° - 13' is set on horizontal circle and in¬ 
strument sighted on 6/5 (175° - 13' is azimuth of E to 6/5 

7/8 7/8 

see Figure 1.1*0). 

(2) Instrument is now oriented. 

(3) Proceed with establishing elevations as follows: 

(a) Find elevation of point E and H.I. by taking rod reading 
(1*.63) on bench mark 6/5, (elevation 11*21.1*5), 

778 

measure instrument height with tape (U.37) then 
11*21.1*5 + 1*.63 - 1*.37 “ elevation of point E ■ 11*21.71. 

Note: A bench mark with an assumed elevation may he used if sea 
level datum is not required. 

(b) Turn azimuths, take stadia readings and elevations of 
points accessible to Point A. 

When it is necessary to take vertical angles for the determination of 
elevations, proceed as follows: 

a. Tie a narrow band of red cloth around rod to mark H.I. (1*.37'). 

b. Sight the middle horizontal cross hair at a point on the rod 

equal to the H.I. 

(1) This will give the vertical angle between the ground at the 
instrument and the ground at the foot of the rod. 
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Transit-Stadia Traverse (cont'd) 
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b. (2) Clamp the vertical circle and read the angle. 

For convenience, the location of points can be readily done by taking 
readings in the following order: 

a. Set the vertical hair on the rod and clamp the upper plate. 

b. Read the distance by setting one stadia hair on a whole foot, 
and noting the position of the other stadia hair on the rod. 

c. Set the middle horizontal hair on the point (H.I.) on the rod 
to which the vertical angle is to be taken. 

d. The transitman then signals the rodman to the next point and 
records the data. 

The set of notes. Figure l.lil, illustrates the taking of details from a 
tfaverse which had been run previously. 

The reduction of the notes in Figure l.Ul was done by the use of stadia 
reduction tables. It may sometimes be more practical and faster to make the 
horizontal and vertical corrections in the field with the use of a stadia 
slide rule. 

Differences in elevation in Figure l.lil were computed as follows: 

a. From stadia reduction tables, found in text on surveying, the 
positive vertical angle (+0° - 31*) for point 6 corresponded to 
a value of 0.90*. This multiplied by the distance in hundreds 
of feet U.U5 x 0.90 ■ +U.0». 

Horizontal Correction ■ O.OU' therefore distance was left at 
Difference in elevation ■ U.li5 x 0.90 ■ +U00 feet. 

Elevation « 918.30 + U.00 - 922.30 feet 

The sign of the vertical angle determines whether the difference of ele¬ 
vation should be subtracted or added to elevation of point E. 

Topographic Surveys. Topographic surveys are made of areas or sites to 
determine tne relief of the ground and to establish the location within the 
area of both natural and man-made features. 

The types of surveys which will be considered sire: 

a. Grid survey 

b. Plane table survey 

Grid Survey. The grid survey provides a systematic method of tsiking 
topogiaphy, location of borings, providing elevation points for land level¬ 
ing or, in general, a method for establishing at regular intervals of dis¬ 
tance, locations, and elevations of points. 
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11. TYPES OF SURVEYS (CONT'D) 


Grid Survey (cont'd) 


Grid systems for taking topography do not necessarily require a stake 
to be set at each grid point* However, for land leveling, stakes or lath 
are set at the determined grid interval (say 100') and are left until the 
earthwork is completed and checked* 
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Figure 1.1*1-2 




CONTROL 









































Stakes (100* grid — See Figure 1.U2) 

Set transit over A-0 and lay out a base line along south side 
of field. (A right angle prism may be used instead of the transit) 

(1) When a three-man crew is available, the two rodmen chain 
in lath at each 100* point on line and the transitznan 
checks each lath carefully for line. 

When a two man crew is being used, one man puts in lath 
approximately 300 to U00 feet on line (from A-0 to A-12). 

When the sighting lath are established, he returns to 
Station A-0 and the instrument man and the rodman, beginn¬ 
ing at A-0, chain and set a lath at 100 foot intervals. 

The lath are set with the flat side toward the field or in 
the direction of irrigation when grid is used for land 
leveling. 

GRID SURVEY RECTANGULAR FIELD 



Figure 1.U2 
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11. TYPES OF SURVEYS (OONT'D) 


Setting Stakes (cont^d) 

b. Move transit to B-0 and backsight on A-O. Turn 90° angle and 
set line B in sane manner as line A. 

c. Lines.5 and 6 are set by moving transit to points A-5 and A-6, 
turning 90° angles off of line A and setting lath as previously 
described. 

Note: Chained distances and 90° angles should be as exact as 
possible when running base lines to insure that the grid stakes will 
form squares and not be diamond shaped. 

d. The rest of the stakes may be set by (l) continuation of the 
above procedure; (2) may be put in by eye (see below); (3) may 
be put in by using the tape to measure one way and sighting by 
eye in the other, or (U) by using either a double or single 
right angle prism. Because prisms are compact and easy to carry 
and are instantly ready for work, they are a valuable aid for the 
engineer or surveyor, wherever right angles are to be established. 

Where the field is irregular in shape and a minimum of gridding 
is imperative, the following procedure is offered. (See Fig. 1.U3) 

(1) Determine the maximum distance across the area in the direc¬ 
tion of intended gridding. (This may be done by inspection 
on most areas). (See lines 3 and U in Figure 1.U3) 

(2) Run base lines (3 and U) as previously described. 

(3) Run in base lines perpendicular to lines 3 and U at longest 
portion of field (lines G and H). This may be done by setting 
Instrument on G-3 and turning a 90° angle off line 3 and 
setting stakes on line G as before described. The instru¬ 
ment is then set on H-3 and line H is staked. 

(U) The rest of the area may be staked by sighting 3 ways; that 
is, to set stake F-2, sight by eye diagonally, over stakes 
G-3 and H-U, east through F-3 and F-U, and north through 
G-2 and H-2. The intersection of these three lines will 
give the position of F-2. (See Figure 1.U3). With little 
practice large areas may be gridded without further use of 
the transit. This method can be used for ordinary land 
leveling grids where the areas are independent of master 
grid systems, project grids, etc. For work requiring 
great precision, the use of the transit and tape is definitely 
recommended for setting each point. 

Plus Stakes. It is sometimes necessary to set stakes between full grid 
stations to more accurately show the conditions as they exist in the field. 
Where a high or low local area falls between grid stations, a "plus” stake 
or lath is set in. This is very important in land leveling to more accurat¬ 
ely determine yardage. 




Figure 1.1*3 
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11. TYPES OF SURVEYS (CONT'D) 


Plus Stakes (confd) 

The system for marking or identifying these stakes is (see Figure l.Ui) 

a. Stake is set at point F. 

b. Distance is taped at right angles from line 5 to point and 
added thus 5 ♦ 71. 

c. Distance is taped at right angles from line C to point and 
added thus, C ♦ 80. 

d. Stake is marked with these coordinates! (C + 60) (5 * 71). 

Right angles from lines may be done by sighting by eye for most surveys. 

PLUS STAKES IN OKED SURVEY 



Figure HJih 

If taping is done from the D line and 6 line this procedure will be 
followed! 

a. Distance is taped at right angles from line D to point P — 20 
feet. In going backwards from the D line toward the C line the 
20 feet must be subtracted from 100 feet to establish the true 
relationship of the point with the grid system; i.e., 

(100* - 20* = 80 *) therefore, the point is 80 feet from the C 
line in a positive direction or in a direction of increasing 
grid notation. (A,B,C - h f 5,6 s etc.) 

b. The same procedure is followed in measuring to point P from the 
6 line. Twenty-nine feet is measured back at right angles from 
the 6 line and subtracted from 100'. (100' - 29* = 71*)• The 
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11. TYPES OF SURVEYS (OONT»D) 


Plus Stakes (cont*d) 


b.Ccont'd) point P is 71 feet from the 5 line and the plus stake 
would bear the full coordinates of (080) (fr*71). 

Notet In establishing coordinates of plus stakes* care must be 

exercised to avoid errors due to the addition or subtraction of the 

"plus" distances. 

Bench Levels. After the grid stakes have been set, a closed level cir- 
cuit should be established. Benches should be about 600* apart over the 
entire area and flagged or otherwise marked for positive and ready identifi¬ 
cation (See Figure 1.27). The importance of establishing a closed level 
circuit of benches which are not over 600* apart cannot be imagined by the 
inexperienced. The bench marks should be described fully and accurately in 
the notes. Rod readings on B.M. 's should be read to .01*. 

Taking Elevations at Grid Points. Gridding is usually begun at one end 
of the field - if the L area is too large for one setup. This simplifies note¬ 
keeping and plotting of the field data. 

Using Figure 1.1*2 the following procedure may be used to take elevation 
at each grid stake. 

a. Set level at about H-8 and take rod reading on B.M. at H-12 
to establish the H.I. 

b. Take rod readings at all stakes up to the 1* line in a consis¬ 
tent manner (taking the 12 line, 11 line, 10 line, etc., until 
the 5 line is shot). 

c. Then take rod reading on B.M. at H-6 for check. (The elevation 
of B.M. at H-6 in the level circuit should agree with elevation 
just determined). An error of .05* or less is permissible. 

d. Move instrument to about F-2 and take rod reading on B.M. at 
H-0 and establish new H.I. 

e. Take elevation of remaining stakes, beginning with line 1*. 

f. Check into B.M. at B-O, H-6, or B-5 and check against the 
original B.M. elevation. 

If the field is large, several setups will be necessary before shooting 
is completed. Keeping the sight distance 800' or less, while taking rod 
readings at the grid stakes, will help minimize errors due to instrument 
not being in complete adjustment. Rod readings on bench marks should be 
kept to less than 1*00*. 

Land Leveling Grids. Grids to be used for land leveling should ordinar¬ 
ily be put in just prior to the actual construction. The coordinates and 
cuts and fills should be marked on the stakes with keel or lumber crayon. 
Bench mark locations should be flagged to help prevent disturbance by 
machinery. 



11. TYPES OF SURVEYS (CONT'D) 
Land Leveling Grids (contact) 


1-87 


The base lines of grid systems should be tied in and referenced to 
provide a means of relocating points and future extension of the grid 
system. Notes may be kept in the form shown in Figure 1.1*5. 

Plane Table Survey. (See also Section, Plane table and Telescopic Alidade) 
When topography is taken by use of the plane table several methods can be 
used: (1) running an intermediate traverse from a traverse station or by 
closing on the starting traverse station, (2) by orienting the instrument 
by the 3 point method, (3) by using a combination of the two methods. The 
intermediate traverse is run and the topography taken concurrently and the 
closure is graphical. It is essential that all intermediate traverses run 
for the purpose of taking detailed topography be closed to prove the accuracy 
of the survey. The location and elevation of all points mapped are deter¬ 
mined by using the telescopic alidade for determining direction, distance 
anci elevations. The use of the Beaman Stadia Arc (see below) will facili¬ 
tate mapping where vertical angles are read. The alidade may be used in 
conjunction with a transit or level. The alidade is used for obtaining 
distance and direction when used in conjunction with the level, and when 
used with the transit only direction is obtained. Inaccessible shots which 
do not require elevations may be located by resection or intersection. 

The topography can be taken by the random shot method or by using a 
grid system. The random shot method is best suited for undulating, steep 
topography and required the use of experienced rodman. In this method the 
rodman has the major responsibility for determining the location of the 
shots to show the true topography. The grid system is used universally on 
flat, open land. Good results can be obtained with inexperienced rodmen, 
although they should know when to take shots between grid points to estab¬ 
lish true topographic features. The shots are taken at regular intervals, 
usually 100 feet, the distance being determined by pacing and the direction 
by eye. 

Beaman Stadia Arc, To speed field work on sloping land where vertical 
angles are read, the Seaman Stadia Arc is a valuable time saver. In cases 
where the instrument man is skilled in its use, a third rodman may be added. 

Since the details of using the Beaman Stadia Arc may be unfamiliar to 
some field men, a discussion in its use is included herein. The Beaman 
Stadia Arc is an attachment to the vertical arc of a transit or to the 
plane table alidade. Its purpose is the simplification of the reduction of 
inclined stadia observations to horizontal distances and elevations. The 
Beaman Stadia Arc is based on the principle that the difference in eleva¬ 
tion between the height of the instrument and the point where the middle 
cross hair strikes the rod is a multiple of the rod interval between stadia 
hairs. - Since these differences in elevations are normally expressed by 
vertical angles between the points, we know that it would be necessary to 
have the vertical angle between the points expressed so that the function 
of i sin a (a is the vertical angle) is a multiple of the rod interval. 
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Beaman Stadia Arc (cont*d) 

In the formula: difference in elevation * f x Rod Interval x 4 sin 2a. 

T ~ 

Where f ■ focal length of objective; i.e. the distance from the optical 
center to the cross hairs when the telescope is focused on a distant object, 
i • the distance.between the top and bottom cross hair of the instrument. 

The relationship between these two distances is expressed as the ratio f in 

the above formula and is a constant for any given instrument which the cross 
hairs are fixed. This ratio f is known as the stadia constant and is 100 
for most instruments. T 

Using the above formula and selecting those vertical angles whose func¬ 
tion of £ sin 2a is equal to .01, .02, .03, etc. up to .90 and with f • 100 

the computed angles will represent the factors 1, 2, 3, etc. up to 90. These 
factors are represented on the V-scale of the Beaman arc. Thus, the differ¬ 
ence in elevation between the instrument height and the ground at the rod is 
equal to the rod interval times the V-scale reading on the arc, plus or minus 
the rod reading. The 50 on the V-scale represents a 0° reading with plus 
vertical angles numbered from SO up, and minus vertical angles numbered from 
$0 down. Therefore, whatever the reading is always subtract $0 from it and 
use the algebraic remainder. 

The Beaman Arc is also used in obtaining the correct horizontal dis¬ 
tance between the instrument and the point at which the rod is held without 
time consuming calculations. 

Looking at the formula. 

Horizontal Distance » f x Rod Interval x cos^ a 

T 

Making cos^ a ■ .99, .98, .97, etc., down to .80 with the correspond¬ 
ing angular values we have. 

Horizontal Distance ■ 100 x Rod Interval x .99 etc., down to 80. 

These computed angles are laid off on the H scale of the arc from the 
same zero, and numbered consecutively 1 (100-99)# 2 (100-98), 3 (100-97), 
etc., up to 20. The H scale reading is then used as the percentage correct¬ 
ion to be subtracted from the rod reading to get the horizontal distance. 

Example on using the Beaman Stadia Arct 

With the instrument set up and leveled, sight on the rod and read 
the space intercepted by the upper and lower cross hair (Rod Interval). Let 
this be 6.1*0 feet. On the V-scale of the arc assume the index reads between 
32 and 33. With the tangent screw bring the nearest whole number on the 
scale even with the index. This can be 33. Read the elevation on the rod 
cut by the middle cross hair. Let this be 7.30 feet. 
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11. TYPES OF SURVEYS (OONT»D) 

Beaman Stadia Arc. (cont»d) 

With the rod Interval reading 6.U0 we know it represents a distance of 
61*0 feet. The V-scales read 33 and the rod reading is 7.30. The desired 
multiple then is 33-50 —17, and the vertical difference equals -17x6.l*0« 
-108.8. The difference in elevation between the instrument and the base of 
the rod is then -7.30-108.8 ■ -116.1 feet. The minus sign indicates that 
the point at the rod is lower than the instrument. 

The true horizontal distance is found by means of the H-scale which gives 
at the same pointing a direct reading of the percentage correction (always 
subtracted) necessary to reduce the observed stadia distance reading to the 
true horizontal distance. Thus in the above example you will note that on 
the H scale the index coincides with 3» or 3 x 6.U0 ■ 19.2 ft. and 61*0 feet - 
19.2 feet - 620.8 feet, being the true horizontal distance. The (f+c) of the 
instrument should be added to this true horizontal distance. The (f+c) is a 
stadia constant and represents the distance from the plumb line center of the 
instrument to the point of outer focus. For practical purposes this is one, 
so that 1 foot can be added to the above calculated true horizontal distance. 

An explanation of the notes in making a traverse survey with topography 
using the Beaman Arc and plane table is given below. 

The front sheet and subsequent sheets can be set up as Shown in the 
accompanying illustration. An explanation of the origin and use of the 
figures in each column of the notes follows. 

1st Column - Distance. The stadia distance is obtained by reading the 
length of the rod showing between th'e top and bottom cross hairs of the in¬ 
strument. For example, the first distance shown on/the illustration (635 feet) 
is measured by 6.35 feet of rod showing between the top and bottom cross hairs. 
Normally a horizontal correction per hundred feet/would be made by reading 
directly on the inner row of graduations marked horizontal. In this case no 
correction was made since the total correction would have been less than one 
foot. Whether the correction should or should not be made is determined by 
the accuracy required. 

2nd Column - Arc. This is the actual reading of the Beaman Arc. The 
Beaman arc reads 56 when the telescope is level. A reading larger than 50 

shows the telescope is tilted up while a reading of less than 50 shows that 

the telescope is tilted down hill. 

3rd Column - Product. To obtain the numerical value of the product 
the distance will be multiplied by a number which is the numberical differ¬ 
ence between the Arc reading and 50. For example, with a distance of 635 
feet and an Arc reading 52, the product would be 635 x 2 ■ 1270. Since the 
instrument is calibrated It 100 the product becomes 12.7. To obtain the proper 
sign of the product the following conditions will govern. 

1. On Back Sights. 

a. Arc more than 50 - Product is minus (-) 

b. Arc less than 50 - Product is plus (♦) 
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11. TYPES OF SURVEYS (CONT»D) 
Beaman Stadia Arc (contM) 


2. On fore sights. 

a. Arc more than 50 - Product is plus (♦) 

b. Arc less than $0 - Product is minus (-) 

For more detailed definition of back sights and foresights* see 

section of "Surveying Terms". 

In some cases with telescope level the bottom or the top hair may be on 
the rod and the center and other outside hair off the rod. The telescope 
must be tilted enough to obtain the distance but then it can be brought back 
to level and the product determined by multiplying the distance by \ or .5 
and the sign determined by the same set of rules as stated above. 

Uth Column - Rod. The Beaman Arc is set on some even division so that 
the center cross hair falls on the rod. The rod reading is then the reading 
of the center cross hair on the rod. 

The only exception of this will be on half Beaman Arc shots. The rod 
reading is then the rod reading of either the top or bottom cross hair. 

The sign that applies to the rod reading is the same as in differen¬ 
tial leveling. All back sights are plus (+) and all fore sights are minus (-). 

5th Column - Difference of Elevation. The numerical value and sign of 
this item is the algebraic sum of column 3 and U. For example, in the first 
line of the illustration column #3 ■ 12.7 and column ■ *3.5 giving the 
difference of elevation of a -9.2. 

6th and 7th Columns - Elevation or H.I. Beginning with an assumed 
elevation of 100° from bench mark #1. the first shot would be a back sight 
since we need to establish an H.I. before any subsequent elevations can be 
determined. The H.I. is determined by adding or subtracting the difference 
in elevation from the elevation of the bench mark. The sign of the differ¬ 
ence in elevation would determine whether the number is to be added or sub¬ 
tracted. New elevations are established by adding or subtracting the differ¬ 
ence of elevation from the H.I. in accordance with the sign of the difference 
in elevation. This procedure applies to all elevations established. A turn¬ 
ing point can be taken on any new elevation established and a new H.I. deter¬ 
mined by the same method as explained above. 

Advantages of the Beaman Stadia Arc* 

a. It eliminates the need for stadia tables, slide rules or 
diagrams. 

b. There is no vernier to read. 

c. Accuracy of results are identical with formula, or table 
computations. 

d. Changes of errors are practically eliminated because of its 
simplicity. 
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11. TYPES OF SURVEYS (POUT'D) 


c 



Slope Staking. Slope stakes are set on the right and left of the 
centerline at theplace where the finished slope (either cut or fill) 
intersects the original ground line. Setting slope stakes for earth fill 
and most all other types of jobs that involve earthwork, is part of a layout 
procedure that is widely used. Following is an example of setting slope 
stakes for open ditch, side spillway, dam and any other earthwork that 
requires placing or excavating earth of a predetermined slope. 

a. Assume that an earth fill be staked with the following infor¬ 
mation given} 

(1) Top width of dam - 8 feet 

(2) Upstream side slope - 3:1 

(3) Downstream side slope - 2tl 

(10 Elevation of top of settled fill - 101.9* 

(5) Location and elevation of bench mark 

(6) Centerline of dam previously marked with appropriate 
stake (see profiles and cross sections). 


b. Slope Staking Procedure 

(1) Run levels from B.M. to point of convenience at dam sites 
and compute H.I. (102.U2 - see field notes Figure 1.U8). 

(2) Compute difference between H.I. elevation and top of fill 
(102.1}2 - 101.9 -0.5). This is grade rod at station 1+00. 

(3) With centerline rod reading of li.2 at station 1+00, compute 
elevation of ground surface, then compute fill height 
(101.9 - 98.2 - 3.7). This can be done also by merely sub¬ 
tracting the difference between H.I. and top of fill from 
the center line rod reading (li.2 - 0.5 - 3.7'). 

*(U) The centerline fill has now been determined and to set the 
slope stakes at right angles to the centerline the surveyor 
must keep in mind side slope, top width, berm width, if any, 
and fill (or cut) at the centerline. The distance out from 
the centerline, at which a slope stake is correctly set, is 
given by the relationship, d - w +hs where: 

1 

d - distance in feet w - top width in feet 

h - fill (or cut) in feet s - side slope 

Where berm is used the formula becomes d-w+b+hs. 


b - berm width in feet 

(5) For the first trial at setting a slope stake on the upstream 
side of the dam at station 1+00, measure a distance at right 
angles to the centerline stake of, d-8+(U.2x3) - 16.6. Take 

”2 

a rod reading at this point. In the example the rod reading was 
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ALTERNATE SPILLWAY LOCATIONS 


It may be necessary or desirable to place the cut spillway 
in a location other than at the end of the dam and perpendicular 
to the dam centerline as is shown in Figure 1.U7. The spillway 
may be offset from the dam, placed at some angle to the dam 
centerline, or may be curved. Some reasons for adjusting the 
spillway location aret 

1. Better material available for the spillway or dam fill. 

2. Better spillway entrance or exit conditions. 

3. Lower yardage or more economical yardage. 

Figure 1.U7-1 illustrates an example of spillway location 
and orientation with respect to the dam centerline. Figure 
1.1*8-U shows field notes for this example. 


Figure 1.U7-1 
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11. TYPES OF SURVEYS (OONT'D) 


Slope Staking (cont'd) 

3.7 wnich gave a distance of d ■ 8 ♦ (3.7‘-0.5) x 3 * 13.6. 

"2 

By moving the rod from 16.6 to 13.6 feet from the centerline 
it was found that the rod reading again was 3.7; so the stake 
was put in and marked. (See Figures 1.U7 and 1.U8 allowance 
for settlement shall be marked on the slope stake.) The dis¬ 
tance, rod reading and elevation is recorded in the field 
book. 

(6) Slope staking is a cut and try method. Practice will de¬ 
velop judgement in making distance adjustments so that a 
minimum of trials will be necessary to find the location 
to put the slope stake. The same procedure is used to find 
the downstream slope stake at station 1+00 and the stakes 
at the other stations. 

12. EXAMPLES OF SURVEYS FOR CONSERVATION STRUCTURES 


Stock Water Dams 

After the selection of the dam site, proceed with the survey as follows: 

Design Surveys. 

a. Set instrument at some point which will allow the taking of all 
necessary information without resetting, if possible. 

b. Establish bench mark and assign elevation. Bench mark should be 
located to insure accessibility and where it will be unmolested 
by machinery. 

c. Establish station 0+00 at the end of the dam on the left bank of 
the draw when facing downstream and far enough away to include 
*the spillway should it be located there. . 

d. Set stakes on the centerline at regular intervals (stations) and 
at plus stations when breaks occur in the ground line. All 
measurements should be made with the tape held level. 

e. Run profile levels along the centerline and take cross sections 
at each station and plus station at right angles to the proposed 
dam centerline. 

f. Record top width, top elevation, upstream and downstream slopes 
of dam, spillway crest elevation and bench mark location in field 
notes. (See sample notes Figure 1.1(8). 

Use Stockwater dam Data Sheet: 

a. Show drainage area in acres. This can usually be obtained from 
aerial photographs. 

b. Show peak discharge. 

c. Plot profile of dam site and Show height, side slopes and top 
width. 

d. Plot maximum cross section of dam site and cross section of 
spillway. 


12. EXAMPLES OF SURVEYS FOR CONSERVATION STRUCTURES (CONT»D) 

Stockwater Dams (confd) 

e. Record log of soil borings, if needed. If plan sheet is used 
in field, the log of the borings may be plotted directly on 
the profile taken on centerline of dam, in vhich case data 
would not be recorded in field notebook. 

f. Vegetated spillway. 

(1) Cut spillway 

(a) Show depth of water in reservoir above spillway 
crest H. 

(b) Show discharge n Q w in c.f.s. 

(c) Show bottom width and side slopes. 

(2) Natural Spillway 

(a) Show cross-sectional area at flow depth. 

(b) Show top width at flow depth. 

(c) Show mean depth. 

(d) Show discharge M Q" in c.f.s. 

(3) Show profile of spillway when necessary in desian. 

g. Mechanical Spillway 

(1) Show size and capacity. 

(2) Show elevation of inlet and outlet. 

(3) Sketch cross section of dam in space provided. 

(1*) Show quantities of pipe and concrete. 

h. Water supply system 

(1) Sketch on cross section of dam. 

(2) Show estimated quantities. 

i. Show approximate surface area of pond and estimate storage 
capacity. 

(1) If stage-storage curve is required, a topographic survey 
should be made of the reservoir area. 

j. Show location of dam to nearest 1*0 acres subdivision. 

k. For dams over 25' in height sketch plan of dam spillway 
and reservoir. (See Figure 1.1*9) 
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12, EXAMPLES OF SURVEYS FDR CONSERVATION STRUCTURES (OONT'D) 


Layout Survey 

a. Slope Stakes - see section Slope Staking 

b. Record notes for alignment and grade stakes set for mechanical 
spillway and water supply system, where used. 

c. Compute yardage in fill. Use standard earthwork computation 
tables, or earthwork computation sheets if berms are involved. 

Grade Stabilization Structures. To properly design a gully control 
structure specific survey data is necessary. The amount of detail required 
will depend on the size and complexity of the structure. Generally, the 
following outlined procedure will provide the data necessary for design. 

Design. 

a. Use field notebook. 

(1) Record bench marks. Describe fully and assign elevation. 

(2) Record survey notes for profile of gully bottom and banks 
as needed for design. 

(3) Record survey notes for profile of dam site. Usual practice 
is to combine the taking of the profile with the survey made 
for establishing slope stakes. 

(L) Record survey notes for the cross sections of gully, as 
needed for determination of tailwater elevation. 

(5) Record survey notes for such topographic information as is 
needed for design. Grades downstream, overfalls, and 
channel characteristics are important items. 

(6) Describe condition of natural or cut spillway, or take 
profile and cross section on centerline and record notes. 

b. Use Grade Stabilization Data Sheet* 

(1) Show drainage area in acres. 

(2) Show peak discharge. 

(3) Plot profiles and cross sections. 

(L) Record log of soil borings, if needed in design. If standard 
plan sheet is used in field, the log of borings may be plotted 
directly on the profile of dam centerline. If this is done 
data need not be recorded in notebook. 

(5) Vegetated Spillway. 

(a) Cut Spillway 

(aa) Show depth of flow above spillway crest (H). 

(bb) Show discharge "Q" in c.f.s. 

(cc) Show bottom width and side slopes. 

(b) Natural Spillway 

(aa) Show cross-sectional area at flow depth 
(bb) Show top width at flow depth. 

(cc) Show mean depth 

(dd) Show discharge W Q W in c.f.s. 
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12. EXAMPLES OF SURVEYS FDR CONSERVATION STRUCTURES (OONT'D) 

Design (cont'd) 

(6) Mechanical Spillway 

(a) Show size 

(b) Show elevations of inlet and outlet. 

(c) Sketch cross section in space provided. 

(d) Show quantities of materials. 

(e) Show discharge W Q W in c.f.s. 

(7) Complete reservoir data table when storage is a factor. 

(8) Show location of dam to nearest 1*0 acre subdivision. 

(9) Sketch plan of dam spillway and reservoir (See Figure l.f>0) 

(10) Fill in flood routing data when spillway storage is a 

factor. 

Layout 

a. Use field notebook. 

(1) Take standard slope stake notes for dam and spillway (see 

Slope staking). 

(2) Record notes for alignment and grade stakes for mechanical 

spillway structure. 

(3) Compute yardage in fill. 

Large Open Ditch Surface Drains. 

Design Surveys. Surveying for large open ditch drainage systems requir¬ 
es the gathering of all field data which will influence the design of the 
drain. This data may include field inspection of bridges, culverts, roads, 
existing drains and, of course, the outlet for the proposed drain. In many 
cases instrument work will be necessary to furnish the designer with enough 
information to determine a procedure to follow in making the actual survey, 
thus saving time on the overall job. This phase of the survey which is the 
PRELBilNARY INVESTIGATION is very important, and will furnish the designer 
an idea of scope and feasibi1ity. 

Determine Watershed Area. The watershed area may usually be outlined 
by the use of aerial photos, U. S. Geological Survey, or U. S. Coast and 
Geodetic Survey maps. Roads, bridges, culverts, and railroad locations 
may be checked also. In flat areas where sufficient data cannot be secured 
in this manner, it may become necessary to take levels in the area to deter¬ 
mine the watershed boundary. This is usually done by taking shots at each 
quarter mile on a grid survey and at points where definite risers or depress¬ 
ions occur. 

Establish Circuit of Bench Marks. 


a. Run a closed level circuit over the route of the proposed ditch 
line. Establish bench marks often enough to provide a means to 
check elevations as survey progresses and t o check constructio n. 
Check bench marks to accuracy of .05 ft. xVmiles of traverse. 
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12. EXAMPLES OF SURVEYS FOR CONSERVATION STRUCTURES (OONT'D) 

Establish Circuit of Bench Marks (cont*d) 

El Tie this survey to sea level datum whenever possible. If a tie 
cannot be made to a U. S. Geological Survey of U. S. Coast and 
Geodetic Survey bench mark, or some other sea level datum, an 
assumed elevation should be selected at the starting point, 

c. Use the form of notes shown in Figure 1.27. 

Establish Survey Line. 

a. The survey line should be run on or parallel to the centerline 
of the ditch whenever possible (See Figures 1.J>1 and 1.52) 

b. An offset survey line may often facilitate the survey and 
construction. 

c. Tie in the survey line to reference points at intervals to pro¬ 
vide mean's of relocating lost stakes. 

d. Take all topography and detail which will influence the design 
and construction of the ditch. Indicate the station on the line 
and the distance measured right or left of the survey line. 

Items to include arei 

(1) Fence lines 

(2) Culverts and bridges (size and type) 

(3) Roads and railroads 

(U) Telephone and transmission lines 

(5) Buildings 

(6) Land use 

(7) Trees and brush 

(8) Low areas on each side of survey line 

(9) Any other features which may affect design or construction 

e. Show deflection angles and plus readings at points of deflection 

f. Use form of notes shown in Figure 1.5l. 

Profile over Ditch Line. 

a. Determine elevations of natural ground at each 100 foot station 
and plus station wherever a break in grade occurs. 

b. When ditch parallels a highway, take level shots on ground 
surface on each side. 

c. Indicate elevations and approximate area of low fields adjoining 
ditch and also those some distance away. Give station and dis¬ 
tance right or left of survey line. 

d. Determine elevations of bottom of any existing ditch. (This may 
be taken from cross section survey if cross sections are taken 
at 100 foot intervals.) 

e. Determine elevation of the bottom of all existing bridges and 
culverts. 

f. Check profile elevations with bench marks along route. 

g. Use form of notes shown in Figure 1.28. 
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12. EXAMPLES OF SURVEYS FDR CONSERVATION STRUCTURES (OONT»D) 


Cross Sections 


a. Take cross sections at close enough intervals to provide 
accurate yardage computations. They should be taken at all 
breaks in grade. 

b. Tie all cross sections to bench mark. 

c. Cross sections should be extended far enough from the centerline 
of the ditch to secure at least 50 to 75 feet of normal ground 
profile. 

d. Extend cross sections across old channels that parallel the 
proposed ditch. 

e. Obtain profiles as described under Types of Surveys (profiles 
and cross sections) and use form of notes shown in Figure 1.28. 

f. A cross section interval of 100 feet and at breaks in grade pro¬ 
vide adequate information for yardage computations. Where land 
is flat this distance may be lengthened to 200 - 500 feet, but 
care must be exercised to insure the cross sections reflect true 
ground conditions, and that there are no large differences in 
end areas between adjacent sections. 

Layout Surveys. See procedure for slope staking. 

Small Farm Surface Drains. Drains which are small enough to be contain¬ 
ed in one ownership or are used primarily for draining nuisance potholes and 
wet areas, can be readily surveyed and designed in the field, if necessary. 
The following outline with related charts and curves can be used effectively 
in the survey of small drains. 

Design Surveys. 

a. The field notebook is used to record and show the following: 

(1) Profile and cross section notes on centerline of drain, 
with column for grade, centerline, stake line and cuts, 
as shown in Figure 1.53. Show grades and cuts to tenths. 
Bench mark levels should be shown to hundredths. 

(2) Centerline shots will be taken at all stations and plusses. 
Cross sections will be taken at frequent enough intervals 
to provide an accurate measurement of yardage. 

(3) The following additional information should be shown in the 
field book. 

(a) Description and elevation of bench marks. 

(b) The check to indicate closure of level circuit. 

(c) Grades, side slopes and bottom widths. 

(d) Party data, name of cooperator, location of drain, date. 

b. Use Drain Data Sheet, Record: 

(1) Name of owner and operator. 

(2) Legal description and location of drains on location map. 
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12. EXAMPLES OF SURVEYS FDR CONSERVATION STRUCTURES (OOMT«D) 

Design Surveys (cont'd) 

O) Indicate on location map the direction of flow and number 
designation of each drain. 

(U) Record hydraulic data for each drain. 

(5) (a) Drainage area in acres. 

(b) Capacity required in c.f.s. This quantity may be obtained 
from drainage curves in another part of this handbook. 

(aa) Indicate which drainage curve used. 

(c) Side slopes. 

(d) Flow depth. 

(e) Bottom width. 

(f) Show grade in percent (ft. per hundred). 

(aa) Where more than one grade occurs in any ditch, record 
the grade of critical section. Actual grades by eleva- 
will show in field book. 

(g) Discharge "Q* in c.f.s. by actual computations or from table. 
Give name of person who designed and laid out job, and the dates. 
Indicate field book number containing survey notes, qr if loose 
leaf, attach to drain plan sheet. 

(8) Plot profile, whenever necessary to aid in design, layout and 
checking of the drain. 

Plot cross section as necessary to ascertain areas and attach 
to drain data sheet. These may be plotted on regular cross 
section paper. 

(10) Calculate and record yardage. 

(a) Use standard earthwork computation sheets and attach to 
drain data sheet. 

(aa) Show stations, cuts and end areas. 

(bb) Calculate area and yardage for each drain by end areas 
by computing (See Example figure 1.5U) and referring 
to end area tables for level sections. When cross 
sections are plotted, obtain end area by direct measure¬ 
ment with planimeter or by calculation. 

(cc) Record total yardage on drain data sheet. 

Layout Surveys. 

a. Use field notebook. 


( 6 ) 

(7) 


(9) 


(1) Set stakes at 100 foot intervals and at necessary plusses 
and record notes in field notebook. (See slope staking pro¬ 
cedure) . 

(2) Mark cuts to grade, in tenths of a foot, from ground surface, 
on the set, slope or centerline stakes, which ever is being 
used. 

(3) Check into bench marks as staking progresses. 
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12. EXAMPLES OF SURVEYS FOR CONSERVATION STRUCTURES (CONT'D) 


PROCEDURE FOR DETERMINING END AREAS BY CALCULATION] WHEN 

Slope st*ak£s ar£ s£t "and 3£6pe 13 uniform frcm 

ft TO SLOPE STAKES. ON DRAINAGE DITCHES 



Figure 1.5U 

bi - b2 * (ft cut) x side slope * Bottom width 

I 

Area "A" ♦ "B" » (a ♦ c) bi 

a - (ft Rod) minus (slope stake rod) 
c = (ft Rod) minus (slope stake rod) 

Area "C" ■ sq. feet for ft cut from end area table. 

Total Area « "A" * »B" ♦ "C" 

Example as shown 

bi - (5 x 1.5) ♦ U - 11.5 
a - 6.8 - 6.1 - 0.7 c • 6.8 - 5.9 - 0.9 

Area "A" f "B" » (0.7 f 0,9) 11.5 * 1.6 x 11.5 ■ 0.8 x 11.5 * 9.2 

Note* Areas "A" and "3" are added algebraically to Area "C n . (If slope 
stake(s) is lower than ft stake* it is subtracted.) 

"C" ■ 23 Total area ■ 32.2 or 32 aq. ft. 
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12. EXAMPLES OF SURVEYS FOR CONSERVATION STRUCTURES (CONT'D) 

Layout Surveys for Structures. In the layout of structures* stakes 
are set to indicate line ond grade. Alignment stakes may be set along the 
centerline (£) of the structure or along one side of it to establish a base 
line. The constructor can then readily locate the structure from this base 
line. The end stakes should be far enough away from the structure so that 
they will not get knocked out. In this way* the base line can be easily 
relocated at any time. A line parallel to f, is often used as a reference 
from which the can be easily re-established. When the structure is large 
and/or complex, stakes are set at comers or other specific points to locate 
the exact position and orientation of the structure. These stakes may be 
"referenced" by driving other stakes a known distance and direction from 
them. Thus they can be easily relocated when they are destroyed during 
construction operations. See Figure 1.55* 

Grade stakes or blue tops are set at a specified elevation and close 
enough to the structure that the constructor can use them in setting the 
structure at the correct elevation. Grade stakes should be referenced by 
means of a bench mark located close by but in a Well protected place where 
it will not be destroyed. 

EXAMPLE OF SETTING ALIGNMENT STAKES AND REFERENCE POINTS. 



7ra/is/y fb//?/ &/ere/?ce/&jh/d fa/frr&occ /h//?/ 3 

[IF- —-HID- -z- -m 


When transit point becomes destroyed it may be accurately relocated by 
resetting it 10* from RPA and on line with RP'S A and B. 


Figure 1.55 



12. EXAMPLES OF SURVEY FOR CONSERVATION STRUCTURES (CONT'D ) 
SETTING GRADE STAKES FOR STRUCTURES 



Figure 1.56 

Grade stakes may be set on grade, below grade, or above grade. "Blue 
tops'* indicate grade, "red tops" indicate an elevation other than grade. 

Transit points are driven nearly flush with the ground. A guard stake 
identifying the point is driven to mark the point. 

The location and elevation of all but temporary or intermediate stakes 
should be clearly and completely described by notes and sketches in the 
field notebook. 

In staking out the drains or pipe lines the center line is defined on 
the surface of the ground and stakes are set at intervals of 25 to 50 feet 
on this centerline. 

Profile levels are then run along the centerline at each stake and the 
elevations plotted on profile paper. The desired grade line of the tile or 
pipe is then plotted on the same profile. The grade line is the flow line 
or the invert of the tile or pipe. (The lowest point on the inside of the 
tile or pipe). When the surface profile and grade line has been plotted, 
the cut of each station may be obtained by subtracting the grade elevation 
from the ground surface elevation. These cuts are then transferred to 
stakes set along side the proposed trench to aid in excavation. 

When the trench has been dug to grade the centerline is rerun over the 
trench and planks and stakes are set as shown in Figure 1.57. 

The centerline can be defined easily by nailing a stake with one edge 
on centerline location. A nail is driven at some full number of feet above 
the flow line into this stake. (The top of the plank may also be used.) A 
string line may then be stretched between stations and the tile or pipe set 
to grade by use of a grade rod or pole marked with even feet throughout its 
length. A right angle bracket is usually attached rigidly to the bottom of 
the pole and extends into and rests on the invert of the pipe. 
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12, EXAMPLES OF SURVEY FOR CONSERVATION STRUCTURES (CONT»D) 

Layout Surveys for Structures (cont»d) 

Some care Is necessary to keep the pole vertical when measuring and to 
keep the string taut, 

BATTER BOARDS FOR TILE 



Figure 1,57 


13, LAMP SURVEXS (GENERAL) 

The survey of public lands does not ordinarily concern the Soil Con¬ 
servation Technicians, but the system of subdivision used in most states 
should be understood. 

Scheme of Subdivision, The primary unit is the township bounded by 
meridional and latitudinal lines. The township is approximately 6 miles 
square. Due to convergence of the meridians (see Figures 1.58 and 1,59)* 
it is quite impossible to have a perfectly square township. 

The township is divided into 36 secondary units called sections and as 
nearly 1 (one) mile square as possible. See Figure 1.60. 

Townships and sections are located with respect to two principal axis 
passing through an origin called an initial point. The lines which form 
the axis are a true meridian, called the principal meridian, and a true 
parallel of latitude, called the base line. 

Secondary axis are established at intervals of 2b miles north or south 
of the base line and at 2b miles east or west of 'the principal meridian. 





13. LAMP SURVEYS (GENERAL) (CONT’D) 


Scheme of Subdivision fcont’d) 

This divides the area into quadrangles bounded by true meridians 2k miles 
long and by true parallels. The south boundary of each quadrangle is 2k 
miles long and the north boundary is 2k miles long less the convergence of 
the meridians in that distance. 

A row of townships extending north and south is called a range and a 
row extending east and vest is called a tier. Tiers (or townships) are 
counted north or south of the base line and ranges are counted east or west 
of the principal meridian. A township five tiers south of the base line 
and three ranges east of the principal meridian would be designated as T-5 
south R-3 east. 

The division of a township into sections is done by establishing lines 
at intervals of 1 mile parallel with the east boundary of the township and 
joining the section comers established on these lines at 1 mile intervals 
with straight latitudinal lines. Thus the township is divided into 36 sec¬ 
tions numbered as shown in Figure 1.60. 

The subdivision of sections into quarter sections and quarter-quarter 
sections is too lengthy to be discussed here fully, but a brief explanation 
is givent 

The establishment of quarter lines is accomplished by first identifying 
the section comers and quarter section comers. Straight lines are then 
run between opposite quarter section comers previously established on the 
boundaries of the section (see Figure 1.61). The point of intersection of 
these two lines is the common corner of the four quarter sections and the 
legal center of the section. The subdivision of a quarter section into 
quarter-quarter sections is accomplished by finding the point midway between 
section and exterior quarter section comers and between the exterior quarter 
section comers and the center of the section. Straight lines are then run 
between opposite corresponding quarter-quarter comers. See Figure 1.61. 

If the section falls on the north and west boundary of a regular town¬ 
ship the excess or deficiency in measurement is thrown into the half mile 
next to the range or township line. See Figure 1.60. 

It should be understood that section lines are not necessarily straight; 
that is, there may be a deflection at a quarter section comer. In many 
cases this deflection is small but in some it may be quite appreciable. 

Where a drain or other project is being constructed on or adjacent to a 
property line this should be kept in mind. 
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OTIDE MERIDIANS AND STA ND A R D PARALLELS 
Jlgu» 1*58 



TOWNSHIP AND RANGE LINES 
JlgttPi 1.59 
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PART 2 
DATA SHEETS 
1. GENERAL 


Purpose 

Data sheets in soil conservation work provides 

(1) an orderly and analytical approach and solution to any problem in 
design of structures and works, 

(2) the details of design for the construction of these works and 
measures, 

(3) a permanent record for future reference. 

Data sheets are drawings or sets of drawings which show engineering 
field survey data of the present and future conditions, hydrologic infor¬ 
mation for design, and hydraulic data for computations and design. The 
final data sheets and plans used for construction purposes are supported 
by a set of specifications shoving many details other than those shown 
on the plans. Detailed cost estimates of materials must be developed and 
may be summarized on the plans. 

Orderly Procedure 

The placement of information on data sheets must follow an orderly 
procedure. This will insure complete coverage of all needed data and in 
the proper sequence. 

There may be many parts to a data sheet, such as the title block, 
location map, drainage area map, soil boring log, materials estimate, 
cost estimate, or detailed sketches. Each of the appropriate parts must 
be completed and all data included. 

Most data sheets have a title block which must be filled out to 
properly identify the work. The project name, the organization doing the 
design work, and the names of the designer and checker must be noted. The 
dates on which the design and checking were completed must also be shown. 
Each sheet should be numbered where there are more than a single sheet, 
such as Sheet 1 of 3, etc. The title block should show where additional 
basic information can be found and a reference to the engineering field 
book number and page. 

A small-scale location map will help locate the area of work. Include 
a north arrow, the legal description of the project, and identify or 
locate the survey bench marks. The elevation of the bench mark may be an 
assumed elevation or it may be referenced to sea level. 
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1, GENERAL (OOMT'D) 

Orderly Procedure (confd) 

A drainage area or watershed sketch may be necessary. The sketch 
should show the location of the structure in the drainage area, the area 
in acres, and other physical features, such as buildings, roads, power 
lines, telephone lines, gas lines, etc. 

Plot the engineering survey information by profiles or cross sections 
to show field conditions properly. Plotted profiles should describe the 
ground surface elevations along the line of the survey as well as any 
other control shots that may affect the design. Survey profiles may be 
plotted on either profile paper or plan and profile paper. 

To select the profile scale and starting points for plotting profiles, 
first determine from the field notes the total length of the profile to be 
plotted and the total difference in elevation. Then select the horizontal 
scale and the horizontal starting point so the entire profile will be well 
spaced on the profile paper, taking into account any other material to be 
drawn on the sheet. Select the vertical scale and a starting point so the 
entire profile will be well spaced on the paper vertically. Remember that 
other material may need to be shown on the profile paper. 

Where the bottom and banks of a ditch are plotted on the same profile 
Sheet, the banks are named right and left when looking in the direction of 
the stationing. Be sure to identify all profile information by horizontal 
stations and vertical elevations. 

All cross sections should be placed on cross section paper (10 x 10 to 
the inch). They should be plotted as viewed looking downstream. Show the 
center line or distances from the offset line. Elevations should be shown 
from an assuned elevation or from mean sea level (M.S.L.). The profile 
station at which each cross section survey was taken should be indicated 
directly under each plotted cross section. 

Samples of soil borings are used to analyze foundation conditions of 
soils for contemplated structures or ponds, or to analyze the drainage 
properties of soils for contemplated open ditches and tile drain Jobs. 

They are also used to determine the presence of quick sand, rocks and 
other undesirable sub-surface conditions in connection with open ditch 
and tile drainage. On all engineering design sheets, boring logs should 
be plotted on the data sheet profiles or on the cross sections at the 
location they were taken whenever space is available. When space is not 
available, identify the locations on the cross sections or profiles and 
plot the soil logs, with proper identification, to one side. In either 
case the logs Should be plotted on the same datum used for the profiles 
or cross sections. 

The standard legend for soil boring logs is given in Figure 2.1 

Data sheets for recording information from drilling are shown by 
Figure 2.2 and Figure 2.3. Figure 2.U is a data sheet used for sending 
soils saaples to the Soil Mechanics Testing Laboratoiy. 
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2, RECORD KEEPING 

All of the sheets used for information on the design, layout, and 
checking of construction of various conservation practices are data sheets. 
Data sheets are usually self-explanatory for practices such as contour 
farming, field diversion, terracing, erosion control dam, etc. Blank 
spaces are usually provided for information on hydrologic, hydraulic, 
layout, or construction features relating to the practice. 

3. DRAFTING 


General 


Skilled drafting technique is not expected of field personnel preparing 
engineering plan Sheets and other drawings. However, field personnel whose 
duties require the preparation of engineering data sheets or other drawings 
are expected to do such work in a legible, neat, orderly and understandable 
manner. The appearance of the drawings will affect the degree of confidence 
with which they are received by persons outside the Service. 

Lettering 

Information on how to improve your lettering can be found in any text¬ 
book on surveying. All lettering and numbers within the body of engineer¬ 
ing data sheets should be 3/20 inch high for capitals and 2/20 inch high 
for lower case letters. On the profile paper, this is equivalent to three 
letters. Titles used outside the title block should be all capitals lA 
inch high (five of the fine lines on the profile paper). Do not use 
lettering any smaller than specified above or it will be difficult to 
read if the drawings are reduced in size by photostatic reproduction. 

(See sample sheet on type of lettering. Figure 2.9.) 

Title Block 

Every engineering data sheet or drawing must have a title block. The 
title block is to give the subject of the drawing. A standard title block 
has been established for use on engineering plans and shown by Figure 2.6. 

It will be used to identify engineering plans prepared in the state. It 
is printed as a letterpress stickup so it can be easily attached to plan 
sheets. The letterpress stickup may be used on plan and profile and cross 
section paper without any appreciable loss of clarity. A copy is attached 
to Washington Engineering Letter No. J>. It measures inches wide by 3£ 
inches high and is primarily adapted to Service standard "E" size sheets. 

For "L" and W N" size sheets, the standard type "A" title block shown on 
drawing ES-16, Section 6, Structural Design, Engineering Handbook, may be 
used, adding spaces for any approvals that may be required. When letter- 
press stickups are not used, the standard title block shall be drafted on 
the drawing. Under conditions where plans are submitted to State agencies 
for approval, the title block should be in basic accord with the require¬ 
ments of the State. Normally our standard title block should be used, 
making whatever additions are needed to meet the State agencies 1 require¬ 
ments. If our standard title block cannot be adapted, its basic elements 



3. DRAFTING (ODNT»D) 


Title Block (cont»d) 

should be incorporated in the title block to be used. The letterpress 
stickup title block is printed and stocked for distribution at the 
Cartographic Unit and nay be requisitioned. 

Use of Pencil 


Nearly all field drawings will be done in pencil. With reasonable 
care a very creditable drawing can be turned out in pencil. If the proper 
weight line is used, good photostatic reproductions or ozalid prints can 
be made. The use of good pencil drawings may eliminate ink tracings. 
Tracing paper equivalent to Posts #173 should be used. 

Symbols 

Nap symbols used are to be in conformance with those shown in Figure 
2.£j soil boring log symbols. Figure 2.1; and earth boring symbols. 

Figure 2.3* A legend explaining the symbols used must be put on data 
sheets or engineering drawings. 

Scales and North Arrow 

Naps on engineering data sheets should always have bar scales. This 
is necessary because the original scale of engineering data sheets and 
drawings is very often reduced or enlarged when reproduced. A map scale 
given, as one inch equals 100 feet, would have no meaning after the drawing 
has been reduced to half size by photostat. A bar scale, however, is 
reduced the same as the rest of the drawing. It is unnecessary to include 
bar scales on profiles, cross sections and boring logs because stationing 
and elevations are shown in each case. 

North arrows should be shown near each watershed map, location map, 
and topographic map. It is general practice among field engineers to use 
their own style north arrow and this is acceptable so long as it is not 
too elaborate. 

Legal Description 

The legal description of the section in which the main engineering 
work is located must be Shown in the space provided in the title block. 

In addition, each watershed map, location map and topographic map Should 
be tied into a properly identified section or quarter section corner. 

Bench Narks 


The elevation, location and Identification of all bench marks must be 
shown on all plans and maps. 
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5. DRAFTING (CONT*d) 


Standard Size Sheets 

Standard size drafting sheets (21" x 30") are established for use 
throughout the Service for engineering drawings and are designated as 
fT E" size sheets. See Figure 2.7. The sizes of 8 inches by 10^ inches 
("L" size sheet) and 10^ inches by 15 inches ("N" size sheet) can be 
used, if desired, for simple jobs encountered in normal farm planning 
operations and jobs where schematic plans are used to supply information 
to state agencies and others. The standard size sheet "E" will have a 
1^ inch border on the left side and a % inch border on all other sides. 
On size "L" and "N" sheets the left-hand border must be 1^ inch and the 
other borders 3/16 inch. Commercially available tracing paper printed 
in cross section, profile, and plan and profile, manufactured in rolls, 
is engraved to a width of 20 inches. This class of paper can be readily 
adapted to the 21 inch width and cut to the required length. Standard 
BFR cross section and plan and profile sheets can be blocked out and 
trimmed to size. 



STANDARD LEGEND FOR SOIL BORINGS LOGS 


GEOLOGIC SYMBOLS 


GEOLOGIC ABBREVIATIONS 
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O 0 


gravel 


UNCONSOLIDATED MATERIAL 

clay 


sand 


sandy 


11 


gravel, 
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] silty 



gravel, 
^ clayey 


gravel, 

sand, 

silt 


sand, 

gravelly 

sand, 

silty 

sand, 

clayey 

sand, 

silt, 

clay 
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vi 
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silt, 

sandy 

silt, 

clayey 
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silt 


clay, 

sandy 


IT 
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organic 

clay 


CONSOLIDATED MATERIAL 
Sedimentary Rocks 


shale 

calcareous 

shale 
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siltstone 
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sandstone 

calcareous 

sandstone 
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sandstone 

breccia 


limestone 

cherty 

limestone 
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i limestone 

dolomite 


chalk 
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chert 


Metamorphic R ocks 
7^1 quartzite 


slate 
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intrusive | 
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bbles, 

loulders 


clay, 

^gravelly 


beat 
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calcar* 

eous 


I coal 


gypsum 
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conglom* 
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[extrusive 


gneiss 

marble 




schist 


pyroclastic 


*□ 


ss( isil soapstone 
„.8L. talc 
" tu serpentine 


Undifferentiated 




aq aquifer fri friable 

cav. cavities lam laminated 

centerline mas massive 

con concretions TD total depth 

US undisturbed samples v. very 

DS disturbed samples w/ with 

dip dipping wea weathered 

frac fractured WL (date) groundwater level on a specified 

date 

TEST HOLE NUMBERING SYSTEM OTHER SYMBOLS 

Centerline of dam_1 - 99 CJ> pit or trench 

Borrow area_101 - 199 o hole logged only 

Emergency spillway_201 * 299 © hole sampled 

Centerline of outlet structure_301 - 399 

Stream channel_401 * 499 

Relief wells_501 - 599 

Other_601 - 699 


UNIFIED SOIL CLASSIFICATION SYMBOLS 

GW Well graded gravels; gravel-sand mixtures 

GP Poorly graded gravels 

GN Silty gravels; gravel-sand-silt mixtures 

GO Clayey gravels; gravel-sand-clay mixtures 

SW Well graded sands; sand-gravel mixtures 

SP Poorly graded sands 

SI! Silty sand 

SC Clayey sands; sand-clay mixtures 

ML Silts; silty, V. fine sands; sandy or clayey silts 

CL Clays of low liquid limit and medium plasticity; 

silty, sandy or gravelly clays and clayey silts 
CH Inorganic clays of high liquid limit and high 
plasticity; fat clays and silty clays 
MH Elastic silts; micaceous or diatomaceous silts 
QL Organic silts and organic silty clays of low 
liquid limit and low plasticity 
OH Organic clays or silts of high liquid limit and 
medium to high plasticity 

Figure 2.1 
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B - Silt 
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k 
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Bozeman, Mont. 


LAND USE MAP LEGEND 
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irrigation Pump_ 
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Field laterals - Temporary_ 

Drain Ditch _ 

Closed drain_ 
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STRUCTURAL DESIGN: DRAWING SIZES AND TITLE BLOCKS 
FOR ENGINEERING DIVISION-DESIGN SECTION DRAWINGS 


Size L 

Use Type A 
title block 


-I© — Ic*j 

O O 


Size N 

Use Type A title block 
unless Size E is reduced 
to Size N 


-Id -In 
O] O 


I 111 I 


Size E 

Use Type E title blocks or 
Types D and E title blocks 


Reserve this space 
for revision record- 


Type D K- 


.—4 Type E 


NOTES : The following notes apply to all drawings prepared by or for the Engineering Division— 
Design Section. 

1. In their final form, all drawings will be one of the above sizes and will have border and trim 
lines. 

2. All size E drawings will be prepared to take a linear reduction of 1 to 0.5* 

3. Type A Title Block will be used on size L and N drawings prepared for inclusion in the hand¬ 
book. This title block consists of two parts, one at the top of the sheet and the other at 
the bottom. 

4. Type E Title Block will be used on all size E drawings. 

5. Type E and D Title Blocks will be used on all standard detailed structure drawings that are to 

be incorporated into a set of construction plans. Type E will be placed in the lower right- 
hand corner of the drawing and Type D in the lower left-hand corner. On these drawings the 

Type D Title Block will be filled out by the Engineering Division—Design Section at the time 

the original drawing is prepared. The Type E Title Block will be completed by the Engineering 
and Watershed Planning Unit using the standard. 

6. A space 3 l/2 x 1 inch, as shown above, on E size drawing, will be left vacant (without border 
lines) for a record of drawing revisions, 

7. All typewritten material placed on drawings size L and N except titles and notes will not have 
a linear reduction greater than 1 to 0.75 in the final form. 
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PART 3 

ESTIMAT1MG RATE AMD VOLUME OF RUNOFF 
1. GENERAL 


The procedures herein are primarily for estimating surface runoff. 
They are not applicable to mountainous areas where both, maximum rate 
and volume of surface runoff result almost entirely from spring melting 
of the winter's "snow pack". The procedures are applicable, however, 
in inter-mountain (below elevation 6000 ) and plains areas of snow melt 
runoff based on the assumption that the maximum peak rate of runoff 
results entirely from summer rain storms. 

The procedures are applicable for estimating surface runoff from all 
storms up to and including those which may be equaled or exceeded on an 
average of once in a hundred years (100-year frequency). They are based 
on procedure set forth in the SCS National Handbooks on Hydrology. Any 
problems beyond the scope of the tables or figures herein, should be 
referred to the Area Engineer. 


2. PEAK RATE 


Definition 

The peak rate as obtained by this procedure is the maximum, instan¬ 
taneous rate of discharge for which spillways, waterways and conduits 
must be designed in order to pass a storm of a specified frequency. 

Limitations 

This procedure is applicable for estimating the peak rate of surface 
runoff from summer storms with reoccurrence intervals from two to one- 
hundred years (2 yr.-lOO yr. frequency), and durations up to six hours. 
It is limited in size to watersheds having a time of concentration (T c ) 
of 6 hours or less. Any demands beyond the above limitations are pro¬ 
vided for by the procedures in the SCS National Engineering Handbooks on 
Hydrology. 

Data Required 

Data required for the application of this procedure to a specific 
watershed is (1) rainfall expected from a 6-hour storm in inches, for 
a selected frequency; (2) size of the watershed in square miles; (3) 
runoff producing characteristics contained within the watershed which 
will be referred to as the soil cover complex nurtber ; and (U) the time 
of concentration , T Cf in hours which is the time required for water to 
travel from the most hydraulically distant point in the watershed to 
the point of design. 

Rainfall Data - The 6-hour storm rainfall amounts for 2, 10, 2$, 

50 and 166 -year frequencies are shewn on figure 3.1. In some cases the 
State Conservation Engineer may establish the 6-hour amounts for indi¬ 
vidual areas. 
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2. PEAK RATE (ODNT'D) 


Data Required (contM) 

Watershed Drainage Area - Will be the size of area in square miles 
contributing surface runoff to the point of design. Fields having closed 
end, level terraces with 10-year frequency storage capacity can be con¬ 
sidered as noncontributing for design storms up to the 10-year frequency, 
and the area omitted. Fields having open end level terraces should be 
included with the contributing area and treated the same as though they 
were gradient terraced. 

Pot holes and the area contributing runoff to each, can be excluded 
from the computation for design frequencies of 10 years or less. For a 
design frequency of 25 years or more, the area above pot holes should be 
included as a part of the over-all drainage area. 

In special cases, a portion of a drainage area may contain sandy or 
gravelly soils with such high intake rate and storage that runoff would not 
occur from the design storm. These areas should be considered noncon- 
tributing and excluded from the drainage area total. 

Soil Cover Complex Number - These are shown in figure 3.2 for the 
range of watershed conditions most commonly encountered. Supplemental 
data to figure 3.2 may be required for special watershed conditions in 
some states. Figure 3.3 lists various soil names, common to the Great 
Plains States, under their appropriate hydrologic soil grouping. A, B, 

C or D. This figure may be supplemented in each state by soil codes more 
familiar to field personnel. All supplemental systems of soil codes should 
be correlated with the National system of name soils in figure 3.3 by the 
state soil scientist before being included as a part of this procedure. 

The drainage area may be divided first according to hydrologic soil 
groups. Each of these divisions will have a distribution of land use, 
cover and treatment as shown in figure 3.2. The distribution should be 
determined on an area basis, obtained by a percent estimate of each in a 
hydrologic soil group. A soil cover complex number can be chosen from 
figure 3.2 for each subdivision and given a weight according to the area 
represented. The weighted parts will make up the composite soil cover 
complex number for the watershed as shown in the example on the "Sample 
Summary Sheet". 

The soil cover complex numbers in figure 3.2 are for an average 
antecedent moisture condition. The technician may need to anticipate a 
wet antecedent moisture condition, under which the design storm will 
usually occur. This might be the case on irrigated fields or subirri¬ 
gated seep areas. The soil cover complex number for these conditions 
will be ten times the square root of the number in figure 3.2. 

The number for open end level terraced fields will be the same as 
though the terraces were gradient, and selected as a terraced item from 
figure 3.2. Fields with closed end level terraces will not be included 


2. PEAK RATE (OOWT«D) 
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Data Required (cont’d) 

Soil Cover Complex Number (cont’d) 

as part of the contributing area under certain conditions as explained 
for the "Watershed Drainage Area". For design frequencies under which 
areas with closed end level terraces are included, it should be treated 
as a terraced item in figure 3.2. 


Contributing areas with a slope of less than one percent should be 
assigned a soil cover complex number equivalent to a contoured area. 


Time of Concentration (T c ) - The correct determination of T- is very 
important in the computation of peak discharge. The T« for a given water¬ 
shed may be found by measuring its hydraulic length ana obtaining the 
average velocity of travel along its course. 


T c (hrs.) 


L (ft) 

3600 V (ft/sec) 


Where L ■ Hydraulic length of water travel from most 
distant point in the watershed. 


V • Average velocity along the course of travel. 

Figure 3.U will be a guide in estimating average velocity. 

For more refinement, the water course can be divided into readies, 
velocity computed for each reach by Manning’s equation, T c *s determined 
for each reach at channel capacity and then added together for the T c 
from the hydraulically most distant point to the point of design. 

Some of the factors to consider in estimating velocity are (1) slope 
or gradient of the water course, (2) characteristics of the channel, (3) 
type of land treatment and (ii) condition of vegetative growth that would 
exist in and along the water course at the time of year when the large 
floods are most likely to occur. 

Consideration of slope commences along the path of water travel at 
its most distant point in the watershed. The slope may be greater near 
the point of beginning than through ary subsequent points. However, it 
may be overland flow (without a well defined channel) wherein land use, 
cover and treatment will have a very definite effect of retardance or 
high roughness coefficient. 

If a channel is wide and shallow (in conformance to a shaping of 
vegetative waterways), velocities will be less than if the same sized 
channel was narrow and deep. The same relationship exists in meandering 
channels containing obstructions and dense vegetation as compared to 
straight clean channels. This is why straightened channels reduce the 
time of concentration (T c ) and result in higher peak discharges at 
downstream points. 



2. PEAK RATE (OONT'D) 


Data Required (cont*d) 

Time of Concentration (cont'd) 

Gradient terraces, open end level terraces or diversion ditches may 
simply extend the length of travel. The greatest length of water course 
will usually commence along one of the terrace channels. Velocity of 
travel will be approximately 1 foot per second along the terrace channel 
or diversion ditch due to the low gradient built into it. 

Step Procedure for Computing Peak Rate Discharge 

Every storm, against which the engineer is protecting the safety of 
his structure has its own unique pattern of distribution and duration. 

At this point it Should be understood that the volume of runoff, peak 
discharge and inflow hydrographs in this section are developed from a 
standard 6-hour storm with intensities distributed according to the 
Weather Bureau's Technical Paper No. 2£, December 1955. This was the 
basis for the zones on the map in figure 3.6. 

Volume of Runoff - Volume of runoff (R) in inches, is read directly 
from the rainfall-runoff curves on figure 3.5. The rainfall amount is 
obtained from figure 3.1. The weighted soil cover complex number is 
determined as shown in the example. Runoff volume can be obtained for 
storms of longer duration, up to 2h hours, from figure 3.5* by entering 
the chart with the amount for the longer duration of precipitation. 

Peak Discharge (cfs) - When only the maximum instantaneous discharge 
is required, it can be obtained from figure 3.7, for the zone shown in 
figure 3.6. First determine the time of concentration (?-) and read 
from the appropriate column in figure 3.7, the unit peak discharge (q) 
for one square mile of drainage area and one inch of runoff (R). Using 
the volume of runoff (R) as described in the previous paragraph, the 
design peak discharge (Q) will be the product of: 

Q • q AR 

Where q is the unit peak discharge from figure 3.7 and 
for the appropriate zone in figure 3.6. 

A is the drainage area in square miles. 

R is the volume of runoff from a 6-hour storm 
in acre inches per acre from figure 3.5. 

Hydrograph for Design Storm 

In special cases a hydrograph of the design storm may be desirable. 
To plot a simple triangular hydrograph, use the unit peak discharge rate 
(q) for the watershed time of concentration (T c ) and compute the time 
to peak (Tp) by: 



2. PEAK RATE (ODNT«D) 

Hydrograph for Design Storm (cont *d) 

T p * Mk and T b ■ 2.67 T p 

Where Tp ■ Elapsed time in hours from beginning of runoff 
to peak discharge. 

Tb - Time of base. 

q ■ The unit peak discharge from figure 3.7. 
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2. PEAK RATE (00NT«D) 


Example of Procedure for Peak Rate Discharge 

Required, the peak discharge for the design of an emergency spillway 
for a stockwater dam. It has a drainage area of 10,000 acres within 
which the range site and condition are the same as that used in the sanple 
summary sheet on the following page. The greatest length of travel for 
surface runoff is 36,000 feet as measured on the aerial photograph. The 
Channel is similar to Case III on figure 3.U and has an average slope of 
U percent. The spillway is to be designed to pass a 50-year storm 
frequency. 


1. Weighted Soil Cover Complex Number (from sample summary sheet)..76 

2. Precipitation, P, (from figure 3.1).....2.5" 

3. Volume of runoff, R, (from figure 3.5)....0.75" 

U. Average velocity of travel, V, (from figure 3.U Case III).......6 ft/sec. 

5. Time of concentration, T c ,.......1.7 hrs. 

T c (hr,.) ■ - 1.67 

6. Unit peak discharge q, (from figure 3.7 for Zone 3, figure 

3.6) for T c - 1.67 hr.2U5 cfs 

7. Peak discharge, Q, for watershed.....2870 cfs 

Q - 2U5 (i2l222) (0.75) - 2870 cfs. 

oUO 

8. Time to p>eak........2.0 hrs. 

t p ■ H hr »- 


9. Time of base.....5.3 hrs 




T b - 2 .j67 (1.98) - 5.26 












(SAMPLE SUMMARY" SHEET) 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

(State Fora Number) 

Structure No. ^ Total Drainage Area 10,00 0Ac. 

t Water shed or structure Name; 


Date 1-1-60 


Compiled by John Qq6 


Basic Data for Determining 
Weighted Soil Cover Complex Number 


Range Site 

(1) 

Condition 

(2) 

Soil cover 
Complex No. 
(Number) 

_. (31 

Percent 

of 

Area 

(U) 

Complex Wo. 
Times Area 
(Cols 3 x li) 

(SI 

Savannah 

Low 

80 

CO 

4800 

Choppy Sand 

Low 

70 

40 

2800 



Totals 

100 

7600 


Weighted Soil Cover Complex No. is ( T . otal . or 7£ 

(Total Col. U) 

Time of Concentration - /»7 hrs. 

Rainfall (6 hr.) SO frequency, 2 i 6 m inches. 

Runoff Volume (R) 0- 75 inches. 

Unit Peak Discharge (q) 245 c fs per square mile per inch of runoff. 
Peak Discharge (Q) - 23 70 cfs. 

Hydrograph (if required) attached. 




Expected Storm Rainfall in Inches 
From Six Hour Storm 

To be Read from US Weather Bureau 
Technical Paper Mo. 28 


Figure 3.1 




Weather Bureau Technical Paper No. 28 
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2. PEAK RATE (OONT«D) 


Soil Cover Complex Numbers 


Land use 
or cover 

treatment 
or practice 

Hydrologic 

condition 

MMl | 1l*I« 1 

m 

group 

D 

Fallow A/ 

Straight row 

— 

77 

86 

91 

91* 

Row crops 

It 

Poor 

72 

81 

88 

91 


fl 

Good 

67 

78 

85 

89 


Contoured 

Poor 

70 

79 

81* 

88 


fl 

Good 

65 

75 

82 

86 


" and terraced 

Poor 

66 

71* 

80 

82 


fl 19 II 

Good 

62 

71 

78 

81 

Small 

Straight row 

Poor 

65 

76 

81* 

88 

grain 

tv n 

Good 

63 

75 

83 

87 


Contoured 

Poor 

63 

71* 

82 

85 


If 

Good 

61 

73 

81 

81* 


" and terraced 

Poor 

61 

72 

79 

82 


fl » II 

Good 

59 

70 

78 

81 

Close-seeded 

Straight row 

Poor 

66 

77 

85 

89 

legumes 2/ 

it it 

Good 

58 

72 

81 

85 

or 

Contoured 

Poor 

61* 

75 

83 

85 

rotation 

n 

Good 

55 

69 

78 

83 

meadow 

" and terraced 

Poor 

63 

73 

80 

83 


" and terraced 

Good 

51 

67 

76 

80 

Pasture 


Poor 

68 

79* 

86 

89 

or range 


Fair 

U9 

69 

79 

81* 



Good 

39 

61 

71* 

80 


Contoured 

Poor 

1*7 

67 

81 

88 


H 

Fair 

25 

59 

75 

83 


n 

Good 

6 

35 

70 

79 

Meadow (permanent) 

Good 

30 

58 

71 

78 

Woods 


Poor 

1*5 

66 

77 

83 

(farm woodlots) 

Fair 

36 

60 

73 

79 



Good 

25 

55 

70 

77 

Farmsteads 


- - - 

59 

71* 

82 

86 

Roads (dirt) 3/ 

_ _ _ 

72 

82 

87 

89 

(hard surface) 3/ 

* • " 

71* 

81* 

90 

92 


"5/ Close-drilled or broadcast. 
3/ Including right-of-way. 

See general notes on next page. 


Figure 3.2 






2. PEAK RATE (OONT'D) 


(Use in areas where range surveys are 
made in lieu of detailed soils naps) 


Range Site 1/ 

ftange 

Condition 

Soil dover domplex 
Number 

Subirrigated, vet land & very Shallow 

High 

90 

sites 

Low 

95 

Badlands, Shale, saline inland, 

High 

80 

panspots & clayey sites 

Low 

90 

Thin loess, thin breaks & silty sites 

High 

75 

Low 

85 

Stonyhills, savannah & sandy sites 

High 

60 


Low 

80 

Choppy sand and sand sites 

Hi£i 

UO 


Low 

70 

Gravel sites 

High 

25 


Low 

U5 

1/ Described in E. J. Dyksterhuis 1 letter to Range Conservationists, 

” Northern Plains States, Dec. 20, 195b. 


Figure 3.2 (cont*d) 
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2. PEAK RATE (ODNT'D) 


Hydrologic Soil Groups 
GROUP A 

(Includes deep sands with very little silt and clay; 
also deep* rapidly permeable loess) 


Balls loaiqy fine sand 
Dune sand 
Dwyer fine sand 
Flasher fine sand 
Haskill fine sand 
Lihen loamy fine sand 


Roosville sand 

Tivoli sand and loamy sands 

Valentine fine sand 

Vebar fine sand 

Vona 


GROUP B 


(Mostly sandy soils less deep than A, and loess less deep 
or less aggregated than A, but the group as a whole has 
above-average infiltration after thorough wetting) 


Albien 

Amsterdam silt loam 
Badrock gravelly loam 
Bates 

Battrick stony loam 

Beaverton gravelly loam 

Blodgett 

Breece 

Canyon 

Cheyenne 

Colby 

Creston 

Cushman 

Dalhart fine sandy loam 

Darnell stony fine sandy loam 

Farland 

Flathead 

Geary 

Gilcrest 

Glendive 

Grant 


Grantsdale 

Half Moon 

Hamilton 

Holdrege 

Keith 

Lancaster 

Larimer 

Lihen fine sandy loam 

Lolo 

Marshall 

Morton 

Musselshell 

Otero 

Scobey 

Sogn 

Terry 

Whitefish 

Williams 

Woodside 

Zahl 


Figure 3.3 
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2. PEAK RATE (CONT'D) 



Hydrologic Soil Groups 


GROUP C 

(Comprises shallow soils and soils containing considerable 
clay and colloid, though less than those of Group D, The 
group has belov-average infiltration after pre-saturation) 


Big Timber 

Idana 

Briggsdale 

Labette 

Burchard 

Little Timber 

Butler 

Marias 

Cabinet 

Midnay 

Crete 

Nunn 

Danvers 

Prior 

Dennis 

Regent 

Edalgo 

Richfield 

Florence 

Savage 

Goessel 

Shelby 

Grail 

Steinauer 

Grundy 

Summit 

Hastings 

Valier 

Heath 

Veld 


GROUP D 


(Includes mostly clays of high swelling percent} but the group 
also includes some Shallow soils with nearly impermeable 
subhorizons near the surface) 


Arvada 

Parsons 

Badlands 

Pawnee 

Cherokee 

Phillips 

Kirkland 

Pierre 

Ladysmith 

Post 

Lismas 

Ravalli 

Neosha 

Rhoades 

Osage 

Wade 


Figure 3.3 (cont*d) 
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VELOCITY OF TRAVEL IN SELECTED CHANNELS 
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Velocity of Travel 


For Cases I and III 


Av. Channel 
Slope 
(Percent) 

Velocity 

(feet per second) 

0.5 

2 

1.0 

3 

2.0 

h 

3.0 

5 

U.o 

6 


For Cases II and V 

Av. Channel 


Slope 

Velocity 

(Percent) 

(feet per second) 

0.5 

3 

1.0 

5 

2.0 

7 

3.0 

8 

U.O 

9 


For Cases I and III (cont*d) 


Av. Channel 
Slope 
(Percent) 

Velocity 

(feet per second) 

5 

7 

6 

8 

7 

9 

8 

10 

10 

11 


For Cases II and V (cont*d) 

Av. Channel 


Slope 

Velocity 

(Percent) 

(feet per second) 

5 

10 

6 

11 

7 

12 

8 

13 

10 

15 




For Case IV 


Av. Channel 

Slope Velocity 

(Percent)_(feet per second) 


o.5 

5 

1.0 

7 

2.0 

10 

3.0 

13 

U.o 

15 

5.0 

17 


Figure 3.U (cont*d) 
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Figure 3.5 


Direct Runoff (R) in inches 




3 4 5 6 7 8 

Precipitation (P) in inches 


Figure 3.f> (cont*d) 





























RAINFALL INTENSITY DISTRIBUTION ZONES 



Figure 3.6 
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2. PEAK RATE (OONT«D) 


Unit Peak Discharge Versus Time of Concentration 


(hours) cfs/(«i 2 ) (In)!/ 
_Zone 3 Zone 1* 


0.10 

900 

520 

0.12 

830 

1*80 

o.U* 

780 

l*5o 

0.16 

730 

1*25 

0.18 

700 

1*00 

0.20 

670 

385 

0.22 

61*0 

370 

0.21* 

610 

355 

0.26 

590 

31*0 

0.28 

570 

330 

0.30 

555 

320 

0.32 

5l*o 

310 

0.31* 

525 

300 

0.36 

5io 

295 

0.38 

5oo 

290 

0.1*0 

1*90 

285 

0.1*2 

1*80 

280 

0.1*1* 

1*70 

275 

0.1*6 

1*60 

265 

0.1*8 

1*50 

260 


(hours) cfs/(«l2) (ln)i/ 
_Zone 3 Zone 1* 


o.5 

l*Uo 

255 

0.6 

1*10 

235 

0.7 

380 

220 

0.8 

360 

210 

0.9 

31*0 

200 

1.0 

330 

190 

1.2 

300 

175 

1.1* 

275 

160 

1.6 

255 

155 

1.8 

235 

11*5 

2.0 

220 

11*0 

2.5 

190 

125 

3.0 

165 

115 

3.5 

11*5 

110 

l*.o 

130 

105 

1*.5 

120 

100 

5.0 

110 

95 

5.5 

100 

90 

6.0 

95 

85 


1/ (In) ■ acre Inch runoff per mere. 


Figure 3.7 
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TERRACING 
1. GENERAL 


Definition 

A terrace consists of a channel supported by an earthen ridge built 
across a slope to intercept surface runoff water. It may be constructed 
either as a graded or level channel and ridge, 

a. A gradient terrace is one constructed so that it will have a 
grade, either variable or uniform, to conduct intercepted water at a non- 
erosive velocity to a suitable outlet where it can safely be disposed of, 

b. A level terrace is one constructed on a true contour where the 
channel and ridge create an impounding reservoir. The water is permitted 
to seep into the soil. Level terraces may be closed at the ends or left 
open to drain. 

Applicable State Laws 

Consideration must be given in the planning and installation of 
terrace systems to the applicable State Laws which govern the diversion 
of water. Generally water must not be diverted whereby it leaves one 
ownership at a point other than the natural watercourse. 

Uses and Limitations 


Function of Terraces in Conservation Program . Terraces are of 
value on practically all soil types except soils that are too stony, 
sandy, or shallow to permit practical and economical installation and 
maintenance. If properly located, constructed and maintained, terraces 
will assist in conserving the soil. They reduce runoff and soil losses 
and prevent the formation of rills and gullies. They assist in the 
reclamation of badly gullied fields by intercepting the runoff before it 
becomes concentrated and attains sufficient velocity to erode the soil. 
Terraces save the topsoil and prevent the loss of costly seed and plant 
foods. To be effective, they must be used in combination with other 
practices such as stubble mulching, contouring, and stripcropping. Over 
a period of years, better crops may be expected on terraced than on 
unterraced land because of the soil and moisture that they save. 

Land is subject to erosion of varying degrees depending upon 

(1) the steepness of the land and length of slopes, 

(2) the intensity and volume of rainfall, 

(3) the character of the soil, 

(Ij.) the crops grown and the method of cultivation, 

(5) the amount and type of cover that is maintained. 
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1. GENERAL (CONT»D) 

Function of Terraces In Conservation Program (cont*d) 

If soil erosion cannot be controlled on a field by contour farming, 
stripcropping, stubble mulching and good cropping practices, it is 
necessary to include terraces as a land treatment practice. 

Terraces are normally used only on cultivated lands. However, some 
badly eroded lands that are to be retired to grass are so severely gullied 
that it is difficult to get grass established. Runoff waters in gullies 
and on steep slopes wash out small seedlings before the grass becomes 
firmly established. In such instances, terraces to divert or store runoff 
are necessary. 

It is not advisable to terrace some lands where 

(1) the slope of the land is excessive, 

(2) the soils are too sandy, too stony, or too shallow to permit 
economical construction and maintenance of a terrace system, 

(3) the topography is extremely irregular. 

The steepness of the land is one of the factors that determines the 
practicability of terraces. As the slope of land increases, soil losses 
from erosion increase, but it also becomes more difficult and more costly 
to control erosion by means of terraces. The cost of maintenance and the 
difficulty of farming operations increase with the degree of slope to the 
point that they eventually outweigh the benefits derived. Wien this 
point is reached, terracing is not practicable. At the other end of the 
slope scale, some long slopes as gentle as one-half foot per 100 feet need 
terraces to prevent erosion because of the concentration of water down the 
slope. 

The steepest slope on which terracing is practical is not determined 
by empirical formula but by the intelligence, industry, and the accompany¬ 
ing conservation practices applied by the operator as well as by economic 
conditions. Drainage terraces are being successfully employed on slopes 
as steep as 12 percent on residual and glacial soils and on slopes up to 
20 percent on loess soils providing proper land use is observed. 

Frequently the less productive soils are terraced or terracing is 
delayed until the soil has become so badly gullied and eroded that con¬ 
struction is costly, maintenance is excessive, and farming operations are 
difficult. If these conditions are prevalent in a community, terracing 
may frequently be looked upon with disfavor. Terraces pay the smallest 
proportional returns when used to reclaim fields that have already been 
badly eroded and gullied. 

Farmers will not follow terrace lines that are constructed on 
extremely irregular slopes and, therefore, these slopes should be avoided 
when terraces are planned. 



1. GENERAL (CONT'D) 
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Limitations of Terraces . Terraces will not eliminate the need for 
good crop rotations in maintaining soil structure and fertility. They 
will not replace the need for contouring. They should be used only on 
soils and slopes where shown as applicable in SCS State and local 
technical guides. 

Conditions for Level Terraces. Level terraces are applicable where 
it is desirable io prevent ihe loss of moisture by runoff. They require 
the practice of a good soil management program to maintain a high organic 
matter content and to prevent surface sealing of the soil. The soil 
must have a high rate of infiltration and permeability so as to readily 
absorb and store water. The average annual rainfall generally should 
not exceed 25 to 30 inches depending on the soil depth and texture. 
Adequate available terrace outlets must be available where the ends of 
level terraces are left open. 

Level terraces are particularly adaptable to the semiarid portions 
of the region for water conservation. They are also used as a soil 
conservation measure in all areas of suitable soils where outlets are 
a problem and runoff must be kept to a minimum or entirely eliminated 
from natural channels. They have been functioning successfully on 
slopes as steep as 12 percent. 

Conditions for Graded Terraces . Graded terraces are applicable 
where it is desirable to dispose of the surface water that reaches the 
terrace channel. Suitable stabilized outlets are' available in a natural 
watercourse, shaped waterway, pasture, or meadow having sufficient 
cover and adequate width to prevent erosion. The topographic and soil 
conditions must be suitable and practical for cultivation before as 
well as after terraces are constructed. Such companion practices as 
contour farming, good crop rotations, and stubble mulching must be used. 

Conditions for Pasture Terraces. In general, land being removed 
from cultivation and recommended for use as pasture because of land 
classification (with the exception of Class V) is land which is steep, 
shallow, or rough and irregular. It usually has stiffered severe erosion 
because of misuse. Terraces are frequently needed to stabilize the soil 
and allow adequate seedbed preparation in these cases. Pasture terraces 
are recommended only if these conditions are present. 

2. SURVEYS FOR BASIC DATA COLLECTION 


Soil Surveys 

Soil surveys are needed before planning and design of the terrace 
system is started. Through use of the conservation survey map to deter¬ 
mine the land classification and the needed conservation use and 
treatment, the adapted type of terrace can be selected. 
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2. SURVEYS FOB BA.SIC MIA COLIECTION (CQNT'D) 


Physical Inspection 

A terrace system properly planned and installed in accordance with a 
complete conservation farm plan becomes a valuable improvement. The first 
step in planning a terrace system is to make a thorough physical inspection 
of the area under consideration and for the larger projects to prepare a 
sketch map on which are located all the topographical features such as 
drainageways, ridges, slopes, hills, gullies, fields and property lines, 
roads, buildings, fences, and any other features that may influence the 
layout of the system. If a sketch map is used, it may consist of a map 
prepared from information secured either by a physical inspection, hand 
level, pacing survey, or of a complete topographic map of the area. 

In making preliminary surveys, each field should be examined for any 
depressions that would require a terrace fill. Such depressions should 
be filled or shaped by plowing toward the depression. It may be desirable 
to plow and float the field to eliminate minor surface irregularities. 

These operations can be. done most efficiently before terraces are laid out 
and constructed. .The amount of water impounded above a terrace fill will 
thereby be reduced and the resulting reduction of wet areas will facilitate 
fanning operations. 

Topographic Surveys 

Sufficient surveys should be made so that each terrace system can be 
properly planned. Sometimes merely a contour line will be sufficient to 
determine the terrace pattern. In the more complex layouts in order to 
get the best layout possible, it may be necessary to have a complete 
topographic survey or a preliminary layout of the system in the field. 

Where this kind of survey is needed or required, terrace systems may be 
planned on the contour map and then staked in the field according to the 
paper layout. 

The need for a tcpographic field map other than an aerial photograph 
will depend upon the experience of the field man, the size of the project, 
and the nature of the topographical features encountered. Engineers or 
other technicians with sufficient field experience may often dispense with 
the actual preparation of the field map if the topographical features 
encountered do not make terracing unduly difficult. 

In planning farms on which there are existing terraces, a check with 
instruments should be made of a sufficient number of those terraces to 
determine what part of the old system can be used. When only sections 
of an existing terrace are suitable for use careful surveys are needed to 
insure that the new sections properly tie into the existing sections that 
are used. 



3. DESIGNING THE TERRACE SYSTEM 


General 


Insufficiently considered and hastily prepared plans usually result 
in unsatisfactory layouts. The importance of determining the most 
satisfactory plan lies in the fact that terraces, once constructed, 
become permanent farm structures if properly maintained. 

In planning a system all necessary terracing for the entire farm 
should be considered in order that terracing on any part of the farm may 
be fitted into the complete terrace system without difficulty or unneces¬ 
sary expense. The possibility of rearrangement of fields, fences, and 
roads to conform to good land utilization and farm management policies 
should be kept in mind. 

Adjacent farms may often have fields in the same drainage unit in 
which case a joint terracing system may be used to advantage for both 
fields provided a satisfactory agreement can be made between the two 
landowners for joint construction and maintenance of the terraces and 
outlets. Such agreements should be in written form. 

Soil factors such as depth, texture, permeability, slope, erosion, 
wetness, alkalinity and salinity, as well as tillage and cultural 
practices must be given careful consideration in planning and designing 
the terrace system. 

Terrace Grade and Length 

Graded Terraces . Graded terraces act primarily as drainage channels 
to conduct excess rainfall from the fields at nonerosive velocities to 
stabilized outlets or waterways. Grades should be sufficient to provide 
good drainage and develop adequate flow without scouring the channel and 
washing out crops. If the grades are not sufficient, a waterlogged 
condition will occur, crops will be drowned out, and farm operations 
made difficult. Grades may be unifoim or variable with a maximum of 
0.6 feet per 100 feet. 

The final 3>0 or 100 feet of a graded terrace should have an increase 
in grade to overcome outlet restrictions and allow for the depth of the 
terrace channel. (See Figure l*.i) 

It is customary to change the rate of grade at intervals of from 
300 to 500 feet. Thus, a terrace 1,300 feet long mi$it have the following 
rates of grade: Commencing at the upper end, 0 to 1*00 feet - 0.2%; 1*00 
to 800 feet - 0.3%; 800 to 1,200 feet - 0.1$; 1,200 to 1,300 feet - 0.9%. 

Terrace lengths bear a direct relationship to outlet design. When 
vegetative outlets are used, the area draining into the outlet must be 
in balance with outlet capacity established for the design slope and type 
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3. DESIGNING THE TERRACE SYSTEM (CCMT'D) 

Graded Terraces (cant'd) 

of vegetative cover. Outlet capacity is an important factor in determining 
terrace lengths. In general, 1,800 to 2,000 feet is the maximum distance 
that a terrace should drain water in one direction. Whenever terraces are 
in excess of 2,000 feet in length, the cross section shall be increased 
proportionately. When properly constructed and maintained, one-half mile 
terraces will give satisfactory service on permeable soils provided slopes 
are reasonably uniform. On badly gullied land a length of 1,200 feet 
should seldom be exceeded. 

Level Terraces . Level terraces fall into two general categories. 

Those built for the primary purpose of providing supplemental moisture 
and those built primarily as an erosion control measure on permeable soils 
where the additional moisture will not be detrimental or where adequate 
outlets are not available for the use of graded terraces. 

Level terraces are constructed without grade and may be built with 
ends closed, partially closed, or left open for drainage. 

Whenever the ends of level terraces are left open, outlets should be 
provided. 

Theoretically there is no limit to the length of a level terrace. In 
actual practice due to lack of control in construction, the elevation of 
the terrace may vary causing a flow of water toward the low spots which 
will overload the low section and may cause failure. Level terraces should 
be partially blocked every 3,000-3,5> 00 feet as a safety measure. Level 
terraces must be carefully checked for low spots and the ridges strengthened 
where gullies are crossed. 

Location of the Terrace Outlets 


Factors to Consider . One of the most important factors in the 
successful operation of a terracing system is the location and design 
of the terrace outlet channels. The location of the outlets will depend 
primarily upon topographical features, types of outlets to be used, and 
the effect of the location on the convenience of carrying out fanning 
operations. 

A terrace system consisting of short terraces and several outlets 
located in natural watercourses is to be preferred to a system having 
long terraces and one outlet. The costs of outlets will be increased, but 
maintenance costs will be less. In general, the systems of short terraces 
will operate more satisfactorily than the long ones. 

Natural watercourses are generally preferable to artificial field side 
outlets that do not follow natural drainage patterns. Natural watercourses 
should be used to the fullest extent possible as the location of terrace 
outlets and grassed waterways. 
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3. DESIGNING THE TERRACE SYSTEM (CCMT'P) 

Factors to Consider (cont'd) 

The selected outlets should be checked for stability based on peak 
flood flow of 10-year frequency. Then the terracing system should be 
developed around them in such a way as to conform to the topography and 
yet use the outlets to best advantage. 

If the field to be terraced receives any appreciable amount of runoff 
from nn adjacent area, plans must be considered to divert the runoff from 
the terrace system by some form of diversion or interception ditch. 

Pastures and Meadows . Well-sodded pastures and meadows provide good 
outlets. 

The positions of terrace ends are often staggered onto meadows or 
pastures in order to prevent a concentration of water in volumes large 
enough to create gullies. See Figure 1*.2. Under certain conditions it 
may be advisable to seed one end of a field to iueadow rather than build 
a defined channel due to the nature of topography. The area converted to 
meadow should be large enough to safely disperse the water carried by the 
terraces and of a size to make haying operations worth while. 

If desirable to provide a stable spoil area, the terrace ends may be 
tabled. That is, the outlet is flared to provide a level section at the 
end 6 to 10 feet wide to spread the water and cause it to flow from the 
table in a thin sheet preventing the concentration of flow and the forming 
of small gullies. 

Care should be used in outletting terraces onto pastures so that 
concentrations of water will not flow into cattle trails, gullies, or 
bare erodible surfaces thus producing active gullies. 

In some instances it is necessary to fence the outlet areas and 
exclude grazing. 

Natural Waterways . Natural drainageways have advantages as terrace 
outlets. They are less apt to clog with silt and debris. The slope of a 
natural waterway is usually less than any other part of a field. 

It is usually necessary to shape a natural waterway to a desired cross 
section. The amount of grading involved may run from a light surface 
smoothing to the filling of a sharp gully. 

In the shaping of waterways, careful attention should be given to the 
placing of fertile soil on the surface for the support of an adequate 
grass cover. 






^—Channel 
CROSS SECTION 

Ridges separating channels are low and well rounded 
to permit haying operations over area. Outside ridges 
should be higher than dividing ridges, 

MULTIPLE CHANNEL OUTLET 



Outlets of terraces staggered so that runoff will not concentrate 
water in one channel. 

SEEDED MEADOW OUTLET . 


Figure U.2 


TYPICAL TERRACE OUTLETS 
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3. DESIGNING THE TERRACE SI3TEM (CONT'D) 

Natural Waterways (cont*d) 

Wet soils can be made suitable for the growth of desirable upland 
grasses by proper drainage. Where drainage is impracticable, grasses 
which grow on wet sites may be used. 

In the construction of outlet channels, terrace waters should be 
excluded where feasible until a sufficient grass cover has been 
established. This may be accomplished by the use of temporary waterways 
or side ditches. Cutting in the temporary channels may be lessened by 
the use of close growing crops. 

Side Field Cuts of Constructed Channels , Vegetated channels can be 
built at the sides of fields to serve if or 'terrace outlets j however, they 
have several disadvantages. Excessive slopes are often encountered in such 
locations and generally along fence rows the ground is higher than the 
field elevation. This requires excessive cutting if terraces are to approach 
the fence line without abrupt downslope bends. Topsoil is usually stripped 
in the process of construction and this reduces the soil fertility^ 

Silting difficulties often occur when water makes an abrupt -turn at the 
ends of terraces. Side channels are subject to filling with silt caused 
by wind erosion. 

Structural Terrace Outlets . Where vegetative terrace outlets will not 
suffice,' ii is necessary to build structures. Examples of the need of 
structures occur where: 

1, Water must be dropped into a deep channel. 

2, Velocities are too great to be borne by grass cover. 

3, Grass cover cannot be established. 

Structures are discussed in Part l£ and shown in SCS Engineering 
Standard Plans. 

Roads and lanes . It is very important that all farm and field access 
roads and lanes be carefully planned. Farm access roads may be placed on 
or just below a terrace ridge. In some cases the farm or field access 
road system may be placed on a natural ridge line or near the middle of 
the field where terraces are graded in each direction. In other Instances 
the farm road or lane can be located on one side of the field so that it 
will cross on the closures at the closed ends of the terraoes. Most 
important is the prevention or control of erosion along the travel routes 
over the farm. The ease with which farm equipment, seed, fertilizer, 
and harvested crops can be moved to or from the terraced field also is 
very important. Runoff water disposal areas should never be used for farm 
roads or lanes due to the erosion hazard. 
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3, DESIGNING THE TERRACE SYSTEM (CCWTU)) 

Cross Section Requirements 

Terrace Cross Sections . The main requirements of satisfactory terrace 
cross sections are that they have: 

(1) C hanne l and ridge side slopes long enough to fit the equipment 
to be used and to permit the operation of the available farm 
machinery along the terrace without undue damage to the terrace 
ridge a n d flat enough to permit practical operation of farm 
equipment. 

(2) Ample channel capacity to handle the expected runoff. 

The ease of fawning increases when side slopes are flattened. However, 
the cost of construction likewise increases. For practical operation of 
farm equipment, side slopes of the channel or ridge should seldom be 
steeper than 5:1 with gentler side slopes being preferable. As the ground 
slope increases, it becomes more difficult to construct a terrace with 
farmable side slopes and the terraces become more closely spaced. It is, 
therefore, necessary to modify the cross section, permitting the use of 
steeper side slopes. The steeper limits for terrace side slopes are 
generally accepted as 5*1 for row crops, U:1 for drill crops, and 3*1 for 
broadcast grass seedings. 

The length of the slope should be such that it will fit the least 
flexible farm equipment that is to be used. 

The design requirements of terraces for pasture land are the same as 
for cultivated land. However, they are not subject to the travel of farm 
equipment and need not have farmable side slopes. They may be as steep 
as the seeding equipment will permit for a good job of seeding. 

Terraces shall have sufficient capacity to handle the peak runoff 
expected from a 10-year frequency storm without overtopping. The 
following table gives the volume of runoff for a given number of inches 
of runoff for various terrace spacings: 

VOLUME OF RUNOFF IN 
CUBIC FEET PER LINEAR FOOT 


Horiz. 
Spacing 

0 . 1 * 

0.6 

0.8 

1.0 

Runoff Inches 

1.2 l.U 

1.6 

1.8 

2.0 

2.2 

75 

2.5 

3.8 

5.0 

6.3 

7.5 

8.8 

10.0 

11.3 

12.5 

13.8 

80 

2.7 

U.O 

5.3 

6.7 

8.0 

9.3 

10.7 

12.0 

13.3 

111.7 

85 

2.8 

li.2 

5.7 

7.1 

8.5 

9.9 

U.li 

12.8 

ill. 2 

15.6 

90 

3.0 

U.5 

6.0 

7.5 

9.0 

10.5 

12.0 

13.5 

i5 .o - 

16.5 

100 

3.3 

5.0 

6.6 

8.3 

10.0 

11.6 

13.2 

15.0 

16.7 

18.3 

120 

h.o 

6.0 

8.0 

10.0 

12.0 

lll.O 

16.0 

18.0 

20.0 

22.0 

UlO 

U.7 

7.0 

9.3 

11.7 

lll.O 

16.3 

18.6 

21.0 

23.3 

25.7 

160 

5.3 

8.0 

10.6 

13.3 

16,0 

18.6 

21.2 

2U.0 

26.7 

29.3 

180 

6.0 

9.0 

12.0 

15.0 

18.0 

21.0 

2U.0 

27.0 

30.0 

33.0 

200 

6.7 

10.0 

13.3 

16.7 

20.-0 

23.3 

26.6 

30.0 

33.3 

36.7 
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Terrace Cross Sections (cont'd) 


Generally terraces should be built to contain the above volumes of 
runoff as time of concentration at the outlet is so long that the maximum 
volume reaches the terrace ridge before appreciable quantities are 
discharged at the outlet. 

National requirements are that channel cross-section area be at 
least 6 sq. ft. for slopes over 7 sq. ft. for slopes 5 to 7%, and 
8 sq. ft. for slopes of less than $%. 

Terrace Intervals 


Using Terrace Spacing Formula. Terrace spacing may be determined 
by the formula VI = IS + Y where "S" is land slope in percent, "Y" is 
a soil and cropping factor, and "X" is a rainfall factor. ,r r" is 
determined as follows: 

Y * 1.0 for soils with below average intake rates and cropping 
systems that provide little cover during intense rainfall periods. 

Y = 2.0 for soils with average or above intake rates and cropping 
systems that provide good cover during periods of intense rainfall. 

Y = 1.5 where one of the above factors is favorable and the other 
unfavorable for soil intake. 

"X" is a variable which is determined by location. It is largely 
dependent upon the quantity and intensity of precipitation. (For 
level terraces "X" = 0.8) For gradient terraces, see attached map 
for value for any specific location. (Figure U.5) 

Using Universal Soil Loss Equation . The Universal Soil Loss 
Equation may be used to determine terrace spacing. Wiis formula is 
E = KHLSCP which, when used for terrace spacing determination, 
becomes SL = E/KRCP where: 

L = Slope length factor. 

S = Land slope factor. 

E = Allowable soil loss in tons per acre per year. This may 
vary from 3 to 6 depending on the depth, texture, and 
erosion of the soil. 

K = Soil intake factor which may vary from .15 to .It9 depending 
on the intake characteristics of the soil profile. 

R = Rainfall erosion factor. This will vary from a value of 
50 in the northwest part of Nebraska to 250 along the 
south border of Missouri. 

C = Cropping management factor which varies greatly according 
to the cropping system used. 

P * Mechanical practice factor which varies as follows: 



x=- 



Figure b.$ 

Values of x in equation V. I=xs+y 
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Using Universal 

Soil Loss Equation (cont'd) 


"P" factor for various land slopes 


Percent Slope 

Lister Planting 

Surface Planting 

1.1 - 2.0 


.60 

2.1 - 7.0 

.38 

.50 

7.1 - 12.0 


.60 

12.1 - 18.0 

.60 

.80 

18.1 - 21*.0 

.68 

.90 


To show how the Universal Soil Loss Equation may be used to 
determine terrace spacing, use the following sample problem and 
solution: 

Problem: Determine terrace spacing for a 7% slope on a Marshall Silt 
Loam Soil located in the northeast corner of Kansas. Two 
possibilities of cropping systems are being considered: 

(1) 5-year rotation of corn, oats, wheat with sweet clover, 
sweet clover. 

(2) l*-year rotation of corn, oats, wheat with sweet clover, 
sweet clover. 


Solution: (l) 
( 2 ) 


2-year lister planting, 3 years surface planting - P = .I*5 
1-year lister planting, 3 years surface planting - P = .1*7 


"E" for Marshall Silt Loam = £.0 
"K" for Marshall Silt Loam = .32 
,r R" for northeast Kansas =190 
"C" for rotation (l) = .21* 

"C" for rotation (2) = .16 

(1) Then SL = 5 ♦ .32 x 190 x .21* x .1*5 (first rotation) 

(2) And SL = 5 * .32 x 190 x .16 x .1*7 (second rotation) 

(1) Then SL = .76 

(2) SL = 1.09 

*(l) L,for 7% slope when SL = .76 is 90 feet (approximately) 
*(2) L for 7% slope when SL = 1.09 is 175 feet (approximately) 


^Formula to calculate "Lp" when SL has been determined: 


SL 


Lp 


( 0.76 + 0.53S t + 0.076s?) or 

100 

'_ 100SL _ I 2 

.0.76 + 0.53S t + 0.076sjr J 


Where "SJ* is land slope in percent. 

Lp is horizontal terrace spacing in feet. 
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General 

The layout of terrace systems in many cases has consisted of merely 
determining the spacing from a formula, selecting an allowable grade, 
and then mechanically staking the terrace line. The importance that 
terraces play in both erosion control and moisture conservation justifies 
far more attention to the layout than this mere mechanical operation. 
When terraces are constructed, it is expected that they will be a 
permanent part of the farm for the next 20 to 30 years and that with 
the help of other conservation practices soil losses will be held to a 
minimum. 

In the layout of terraces there are five things which should 
receive careful attention to assure that the system will be as practical 
to farm as the physioal conditions of the field will permit. These are 
(l) sharp bends in the terrace lines, ( 2 ) approaching obstacles at acute 
angles, ( 3 ) unnecessary point rows, ( 1 *) crossing narrow ridges with 
terraces, and (£) adequacy of outlets. 

(l) Snarp bends are difficult to make with modern farm equipment. 
They are especially troublesome wherever farm equipment must turn inside 
the bend because they become sharper as farming operations proceed away 
from the terrace line. 



AVOIDING SHARP BENDS 
Figure I(.6 
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General (oont^d) 

(2) Approaching obstacles at an acute angle make farming operations 
very difficult as this results in sharp corners where it is virtually 
impossible to turn farm equipment. Terrace lines approaching narrow 
drains tend to turn up rather abruptly. If these drains are used as 
waterways, the terrace ends can be lowered sufficiently to provide good 
terrace drainage and also to eliminate the sharp angles. Farming 
operations or soil blowing frequently have oaused field boundaries to 
be higgler than the adjacent field. In suCh cases the terrace lines 
would turn rather abruptly down the boundary line. To prevent this, 
the terraces can be blocked if an adequate outlet is provided at the 
other end. If terraces must spill at this end, the hi$i area along 

the boundary can be left as a road and the terraces ended before 
reaching the high area and a waterway provided between the terrace 
and the farm road. 

(3) Unnecessary point rows are one of the main reasons that 
fawners retire terraced fields from cultivation. 

If terraces are to be maintained and serve their intended purpose 
for several years, they must fit into an economical farming operation. 

To best do this, it is Imperative that as many point rows be eliminated 
as is practical. Terrace layout, therefore, becomes an engineering 
planning and design procedure rather than a mechanical line running 
process. 



A great deal can be done with both level and graded terraces to 
make them more nearly parallel. Point rows can be eliminated in level 
terrace Systems by making line adjustments with cuts and fills along 
the terrace lines. Level terrace systems where groups of terraces can 
be made parallel are limited to uniform fairly flat slopes, but many 
point rows can be eliminated in nearly any system. Point rows can be 
eliminated in gradient terrace systems by both Changes in grade and by 
cuts and fills along the terrace lines. 
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1*. LAYOPT OF TERRACE SYSTEM (CCMT»D) 


General (cont'd) 

(1*) When terrace lines cross narrow ridges, they generally require 
sharp bends. If adequate outlets are provided in the natural drains, the 
terraces can end on each side of the ridge. When this is done, the ridges 
provide excellent field roads and help to keep the farm waterways from 
being used as farm roads. 

(5) A common practice is to provide terrace outlets at the field 
boundaries and to cross the natural drains with the terrace ridges. Field 
boundaries generally have steeper slopes, poorer soils, and shapes less 
suited for waterway use than do the natural watercourses. It is normally 
best to use the same locations for waterways that nature has provided to 
dispose of excess water. An adequate number of outlets should be provided. 
Hie greater the number of outlets that are provided, the more can be done 
to make the terrace system more farmable. 

The Key Terrace 

As a general rule, the upper terrace is staked first and each suc¬ 
ceeding terrace staked in turn. An exception to this rule may be made 
if it is desired to have a definite location for some particular terrace 
in the system. This terrace would then be located first and a sufficient 
number of terraces staked between it and the drainage divide to insure 
that the maximum vertical interval for any one terrace would not be 
exceeded. 

The location and construction of the top terrace is very important. 

If the top terrace fails, it often causes the failure of the lower terraces. 

Some general rules for location of the top terrace are: 

If the top of the hill comes to a point, the interval may be increased 
to one and one-half times the regular terrace interval. 

On sharp sloping ridges, the Interval may be increased to one and 
one-fourth times the regular terrace interval. 

On long ridges where the terrace approximately parallels the ridge, 
the regular interval should be used. 

The watershed area above the top terrace should not exceed the area 
obtained by multiplying the terrace length by the normal terrace spacing 
for the slope and soil above the top terrace. 

Staking the Graded Terrace Outlet 


A method of staking a terrace outlet is shown in Figure l*.l. A drop 
of 1.1 feet is given the last 100 feet. Of this amount, 0.1* feet is the 
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U. IATOOT OF TERRfi.CE SI5TEM (CONT'D) 

Staking the Graded Terrace Outlet (cont'd) 

continuation of the 0.1$ slope, 0.5 feet is allowed for the depth of 
channel excavation, and 0,2 feet is given to clear trash and silt. If a 
drop of 0.5 feet is not allowed for the depth of channel excavation, the 
grade of the channel will rise in the last one hundred feet and the cross 
section of the channel at Station 13+00 will be restricted. The need 
for a drop of 0.2 feet to clear trash depends upon local conditions. 

Since the longitudinal section of the channel excavation feathers 
out as the channel grade meets the grade of the outlet, there will not 
be enough dirt available from the channel excavation to build the terrace 
ridge. Earth to make the fill can be had by deepening the channel with 
the expectation that the pit will silt up in time or the fill can be made 
by borrowing material elsewhere. The photograph in Figure l*.l gives 
another illustration of the principles involved in staking the outlet 
of a terrace. 

determining the Vertical Interval 

On fairly uniform slopes the average slope of the area can be used 
in computing the vertical interval for the terraces. If the slopes 
vary considerably, the weighted average of all the slopes that a terrace 
is to cross should be used in computing the vertical terrace interval 
for each terrace. On some fields it may be advisable to reduce or 
increase the indicated interval for certain terraces in the system in 
order to place them advantageously. It may also be necessary to make 
adjustments between terrace intervals for graded terraces in order to 
get proper alignment at the outlet. Very frequently special considera¬ 
tion must be' given to factors other than vertical interval alone in 
determining the location of the top terrace of a system due to the 
peculiar shape and direction of slope of the top portion of the area 
to be terraced. There may be an abrupt change in slope on some part 
of a field. It may be necessary to place the terrace either just 
above or just below the slope. This becomes a key terrace and others 
are placed in proper relation to it. 

For graded terraces, it is usually found most convenient to start 
staking at the outlet end particularly if there are terraces discharging 
into both sides of the outlet so that proper alignment is attained. 

Stakes should be set at 50-foot intervals except on curves and through 
draws where a 25-foot spacing should be used. Where topography is 
uniform, 100-foot and 50-foot spacing, respectively, may be satisfactory. 

It is not always possible to secure the most satisfactory terrace 
layout in the first attempt. After a few lines have been staked, 
topographical features will sometimes be encountered that will favor 
changes in terrace lines. If such changes are extensive, it is usually 
best to pull up all stakes and start over again. 
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k, LAYOUT OF TERRACE SYSTEM (CQNT»D) 

Determining the Vertical Interval (cont'd) 

After the terrace lines have been staked, some realignment is 
necessary on each proposed terrace in order to eliminate undesirable 
sharp curves, to obtain greater ease of construction, and to secure a 
finished terrace that will offer a minimum of inconvenience in later 
tillage operations. The general procedure is illustrated in Figure lu7. 

The movement of terrace lines up and down slopes will, of necessity, be 
restricted by the drainage and construction features encountered. 

Usually the straightening should be limited in upward movement so that 
not more than a 6-inch additional cut will be necessary in the terrace 
channel and the number of cuts of this depth should be kept to a 
minimum. The straightening of terraces through depressions should 
not be such as will introduce excessive ridge heights and objectionable 
pond areas. 

Relation of the Staked Line to the Completed Terrace 

Graded Terrace. The channel is constructed on the stake line to make 
the constructed channel grade the same as the designed grade. Additional 
depth of channel cuts is made to compensate for any uphill adjustment of 
the stake line of ridges. Additional height of ridge fill is made across 
gullies, narrow depressions, or lows resulting from any downhill adjustment 
of the stake line. 

Level Terrace . The ridge is built on the surveyed stake line to make 
the constructed ridge a level impounding levee. Fills are made in low 
spots to make the settled ridge top level. 

Adjustments to Improve Terrace Alignment 

Figure U.8 shows a topographic map with contours taken in the field at 
£-foot vertical intervals and interpolated at 1-foot intervals on the map. 
The 1-foot contours are shown in dotted lines. The lines with arrows show 
scaled slopes. 

A system of terraces has been plotted on this map beginning with the 
top terrace and proceeding down the slope. 

The stippling shows the areas of variable width between the terraces. 
These irregular areas cause point rows which increase the number of turns 
required in cultivation and add to the cost of farming. If, by care in 
planning, point rows can be eliminated or reduced, the cost of cultivation 
can be reduced. 

It is desirable sometimes to use greater refinement in the design of 
terrace systems to eliminate point rows or otherwise improve the system 
than can readily be obtained by field observation. For this purpose, 
topographic maps are particularly useful. 
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Paralleling Terraces 
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In laying out terraces, it is frequently possible to make a pair of 
terraces parallel throughout or in part and thus reduce the number of 
point rows in a field. 

In view of the time and effort saved for the farmer over a period 
of years if a set of point rows is eliminated, the technician is justified 
in spending several hours, if necessary, to accomplish this. 

If several of the natural drains are used as waterways the paralleling 
of terraces is more readily accomplished. 

The maximum spacing of parallel- terraces should be in accordance with 
the spacing criteria for standard terraces. The use of parallel terraces 
eliminates to a great extent the objection to narrow spacing as turning 
within the field is eliminated. Spacing used should be within the above 
maximum but should be adjusted to fit complete trips of least flexible 
farm equipment that will be used. 

The amount that terrace lines can be moved for terrace alignment is 
dependent on the maximum allowable grade and on the permissible cut to be 
made. For level terraces, the maximum permissible cut would govern. 

Two systems for the layout of parallel terrace systems are recommended. 
Which one is used is dependent on the uniformity of the slopes to be 
terraced. 

System 1 - Uniform Slopes ; Beginning at the highest part of the 
field, the slope should be measured to approximately the center of the 
field in sufficient detail to determine the number of and general location 
of terraces. 

Then the key terrace should be staked to grade.; This key terrace 
will usually be located about midway down the slope. Sharp bends and 
minor irregularities should be corrected on this terrace line and the line 
marked out by use of farm tractor or other positive means of line marking. 
Using a small rope or similar measuring device, stake two terrace lines 
parallel to this terrace on the selected vertical interval and horizontal 
spacing, one on each side of the key terrace. One man will walk along the 
key terrace and make sure the rope is perpendicular to the line as the 
second man marks the adjoining parallel lines. The final location of the 
line is best made by use of the farm equipment with a spacing marker to 
assure that spacing is kept uniform on curves. The final line is then 
checked to determine if it meets layout requirements. 
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System 1 - Uniform Slopes (cont'd) 

Additio nal parallel terrace lines are run in the same manner until the 
allowable grade plus maximum determined cut is exceeded. When this is the 
case, another series of terraces are laid out in the same manner. To 
determine whan a new series of terraces must be started, rod readings or 
elevations should be taken on the staked lines. These readings are plotted 
on profile paper and lines drawn that will balance cut and fill. These 
lines must be within the allowable grade. 

System 2 - Irregular Slopes . For irregular slopes, the entire set of 
terraces is staked out as for conventional terraces. Key terraces are 
then selected that best fit in with terraces on both sides. Short sharp 
bends and minor irregularities are then corrected on the key terraces, 
a number of measurements made between the key terrace and adjoining 
terrace to determine the average horizontal spacing that will fit the 
farm equipment to be used, and the adjoining terraces made parallel to 
the key terrace in the same manner as in System 1. In seme cases only 
sections of the terraces can be paralleled but even partial paralleling 
can result in considerable reduction of the number of point rows. 

An alternate system that makes use of a grid survey is an excellent 
method of laying out terraces. A grid map on 100-foot centers is made of 
the field to be terraced. Terraces can then be planned on the grid map 
and transferred directly to the field by measuring the lines in from the 
grid points. This method may require somewhat more time than the others 
but generally results in a better terrace layout as location of key 
terraces is easier to detennine and allowable alteration of terrace lines 
can readily be made. 

If paralleling is accomplished to the point that cut and fill terraces 
are to be made, it will be necessary to obtain elevation readings at each 
stake line on the parallel lines. For uniformity of construction, the 
stake line is usually at the intersection of the terrace ridge front slope 
and the terrace channel. 

If paralleled terraces are to be constructed with motor grader, 
bulldozer or similar equipment, the ground along the terrace line will 
need to be brought to the elevation of the grade line. If the terraces 
are to be constructed with carry-all type equipment, then the terrace 
channel and ridge will be shaped as excavation and fill are made. This 
will eliminate the need of moving the ridge portion of the terrace where 
this portion is above the average ground line but not above the top of 
the terrace ridge. 



U-23 

(Rev. 11/6U) 


k. IAIOUT CF TERRACE SYSTEM (tjQNTD) 

System 2 - Irregular Slopes (confd) 

Figure lu9 shows a revised layout of the terrace system shown in 
Figure U.8. In the revision, terraces have been made to lie more nearly 
parallel to each other and thus reduce the number and size of irregular 
areas. An inspection of the two layouts will show the amount of this 
reduction. To accomplish this result, the positions of the terraces 
have been altered by changing the location of summits which in turn 
have changed the total fall of the terraces. Grades have been 
steepened at the upper ends of terraces (summits) where the volume of 
water carried by the terrace is small. Thus, it has been possible 
to make terraces 1, 2, and 3 parallel to each other and eliminate 
irregular areas between them. In laying the lines in the field, 
terrace 2 would be staked according to grade elevations shown and 
terraces 1 and 3 would be placed by measuring uniform distances from 
terrace 2. Grade elevations would be checked for terraces 1 and 3 
to insure an acceptable grade line. Terraces 3 and h have been 
made partially parallel to each other by varying the grades on 
terrace U. Part of terrace h has a variable grade as shown and part 
of it has a uniform grade of 0.J? feet per 100 feet. In this way, 
the size of the irregular area between these two terraces has been 
reduced. 

It will be seen that terrace layout 2 can be farmed more easily 
than terrace layout 1. 

In areas there soils are permeable and slopes are uniform, 
considerable paralleling of terraces has been done to advantage. 

In areas where soils are impervious and slopes are irregular, 
it is difficult to parallel terraces without causing objectionable 
ponding. 

In attempts to make lands between terraces uniform in width, 
care should be used to avoid excessive cuts and fills. While soil 
types will influence the limits, in general, cuts should not exceed 
one-half foot below the usual terrace channel and fills should not 
exceed moderate heights. 

Also, terrace grades should be sufficient to provide prope,. 
drainage, but they should not be so steep as to cause erosion in 
the terrace channels and the washing out of crops. 



TERRACE LAYOUT 
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System 2 - Irregular Slopes (cont^d) 

On large fields it is seldom possible to parallel the terraces over 
an entire field. More often it is possible to parallel groups of 
terraces or portions of groups where slopes are regular. 

Staking Cuts or Fills Where Alignment is Improved 

If the terrace as finally laid out varies from the planned grade line 
by more than approximately 0.2 foot, it will be necessary to set cut and 
fill stakes to guide the equipment operator in installing the structure. 
If the variation is only for short segments through narrow ridges or 
across narrow drains, cuts and fills can readily be determined from the 
original line survey. 

When the terrace line varies from the planned grade line for an 
appreciable portion of the total length, it is generally advisable to 
profile the entire line and then determine the extent of cuts and fills 
necessary. 

Where the construction line is within the approximate 0.2 of the 
surveyed line, the equipment operator can normally construct the 
terrace without additional cut or fill stakes. 

The technician planning or laying out the terrace system should 
keep in mind that every point row that can be eliminated will result 
in a saving in farming cost for a number of years. Even though only 
segments of terraces can be paralleled, this is much preferred over 
no paralleling at all. 
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Graded Terraces (cont'd) 

of vegetative cover. Outlet capacity is an important factor in determining 
terrace lengths. In general, 1,800 to 2,000 feet is the maximu m distance 
that a terrace should drain water in one direction. Whenever terraces are 
in excess of 2,000 feet in length, the cross section shall be Increased 
proportionately. When properly constructed and maintained, one-half mile 
terraces will give satisfactory service on permeable soils provided slopes 
are reasonably uniform. On badly gullied land a length of 1,200 feet 
should seldom be exceeded. 

Level Terraces. Level terraces fall into two general categories. 

Those built for the primary purpose of providing supplemental moisture 
and those built primarily as an erosion control measure on permeable soils 
where the additional moisture will not be detrimental or where adequate 
outlets are not available for the use of graded terraces. 

Level terraces are constructed without grade and may be built with 
ends closed, partially closed, or left open for drainage. 

Whenever the ends of level terraces are left open, outlets should be 
provided. 

Theoretically there is no limit to the length of a level terrace. In 
actual practice due to lack of control in construction, the elevation of 
the terrace may vary causing a flow of water toward the low spots which 
will overload the low section and may cause failure. Level terraces should 
be partially blocked every 3,000-3,^00 feet as a safety measure. Level 
terraces must be carefully checked for low spots and the ridges strengthened 
where gullies are crossed. 

Location of the Terrace Outlets 


Factors to Consider . One of the most important factors in the 
successful operation of a terracing system is the location and design 
of the terrace outlet channels. The location of the outlets will depend 
primarily upon topographical features, types of outlets to be used, and 
the effect of the location on the convenience of carrying out farming 
operations. 

A terrace system consisting of short terraces and several outlets 
located in natural watercourses is to be preferred to a system having 
long terraces and one outlet. The costs of outlets will be increased, but 
maintenance costs will be less. In general, the systems of short terraces 
will operate more satisfactorily than the long ones. 

Natural watercourses are generally preferable to artificial field side 
outlets that do not follow natural drainage patterns. Natural watercourses 
should be used to the fullest extent possible as the location of terrace 
outlets and grassed waterways. 
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3. DESIGNING THE TERRACE SYSTEM (CCKT'D) 

Factors to Consider (cont'd) 

The selected outlets should be checked for stability based on peak 
flood flow of 10-year frequency. Then the terracing system should be 
developed around them in such a way as to conform to the topography and 
yet use the outlets to best advantage. 

If the field to be terraced receives any appreciable amount of runoff 
from in adjacent area, plans must be considered to divert the runoff from 
the terrace system by some form of diversion or interception ditch. 

Pastures and Meadows . Well-sodded pastures and meadows provide good 
outlets. 

The positions of terrace ends are often staggered onto meadows or 
pastures in order to prevent a concentration of water in volumes large 
enough to create gullies. See Figure U.2. Under certain conditions it 
may be advisable to seed one end of a field to meadow rather than build 
a defined channel due to the nature of topography. The area converted to 
meadow should be large enough to safely disperse the water carried by the 
terraces and of a size to make haying operations worth while. 

If desirable to provide a stable spoil area, the terrace ends may be 
tabled. That is, the outlet is flared to provide a level section at the 
end 6 to 10 feet wide to spread the water and cause it to flow from the 
table in a thin sheet preventing the concentration of flow and the forming 
of small gullies. 

Care should be used in outletting terraces onto pastures so that 
concentrations of water will not flow into cattle trails, gullies, or 
bare erodible surfaces thus producing active gullies. 

In some Instances it is necessary to fence the outlet areas and 
exclude grazing. 

Natural Waterways . Natural drainageways have advantages as terrace 
outlets. !they are less apt to clog with silt and debris. The slope of a 
natural waterway is usually less than any other part of a field. 

It is usually necessary to shape a natural waterway to a desired cross 
section. The amount of grading involved may run from a light surface 
smoothing to the filling of a sharp gully. 

In the shaping of waterways, careful attention should be given to the 
placing of fertile soil on the surface for the support of an adequate 
grass cover. 


Channel 

CROSS SECTION 

Ridges separating channels are low and well rounded 
to permit haying operations over area. Outside ridges 
should be higher than dividing ridges. 


MULTIPLE CHANNEL OUTLET 



Outlets of terraces staggered so that runoff will not concentrate 
water in one channel. 

SEEDED MEADOW OUTLET 


Figure U.2 


TYPICAL TERRACE OUTLETS 






SEEDED OR SODDED OUTLET 
IN NATURAL WATERWAY 




TERRACES EXTENDED TO PREVENT 
THE FORMATION OF GULLIES 


Figure U.3 


METHODS OF WATER DISPOSAL 


Good 
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3. RESIGNING THE TERBACE SYSTEM (CQNT'D) 

Natural Waterways (cont'd) 

Wet soils can be made suitable for the growth of desirable upland 
grasses by proper drainage. Where drainage is impracticable, grasses 
which grow on wet sites may be used. 

In the construction of outlet channels, terrace waters should be 
excluded where feasible until a sufficient grass cover has been 
established. This may be accomplished by the use of temporary waterways 
or side ditches. Cutting in the temporary channels may be lessened by 
the use of close growing crops. 

Side Field Cuts of Constructed Channels . Vegetated channels can be 
built at the sides of fields to serve for terrace outletsj however, they 
have several disadvantages. Excessive slopes are often encountered in such 
locations and generally along fence rows the ground is higher than the 
field elevation. This requires excessive cutting if terraces are to approach 
the fence line without abrupt downslqpe bends. Topsoil is usually stripped 
in the process of construction and this reduces the soil fertility. 

Silting difficulties often occur when water makes an abrupt turn at the 
ends of terraces. Side channels are subject to filling with silt caused 
by wind erosion. 

Structural Terrace Outlets . Where vegetative terrace outlets will not 
suffice, it is necessary to build structures. Examples of the need of 
structures occur where: 

1. Water must be dropped into a deep channel. 

2. Velocities are too great to be borne by grass cover. 

3. Grass cover cannot be established. 

Structures are discussed in Part 1$ and shown in SCS Engineering 
Standard Flans. 

Roads and Lanes . It is very important that all farm and field access 
roads and lanes be carefully planned. Farm access roads may be placed on 
or just below a terrace ridge. In some cases the farm or field access 
road system may be placed on a natural ridge line or near the middle of 
the field where terraces are graded in each direction. In other instances 
the farm road or lane can be located on one side of the field so that it 
will cross on the closures at the closed ends of the terraces. Most 
important is the prevention or oontrol of erosion along the travel routes 
over the farm. The ease with which farm equipment, seed, fertilizer, 
and harvested crops can be moved to or from the terraced field also is 
very important. Runoff water disposal areas should never be used for farm 
roads or lanes due to the erosion hazard. 
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3. DESIGNING THE TERRACE SYSTEM (CCMT'D) 

Cross Section Requirements 

Terrace Cross Sections . The main requirements of satisfactory terrace 
cross sections are that they have: 

(1) Channel and ridge side slopes long enough to fit the equipment 
to be used and to permit the operation of the available farm 
machinery along the terrace without undue damage to the terrace 
ridge and flat enough to permit practical operation of farm 
equipment. 

(2) Ample channel capacity to handle the expected runoff. 

The ease of farming increases when side slopes are flattened. However, 
the cost of construction likewise increases. For practical operation of 
farm equipment, side slopes of the channel or ridge should seldom be 
steeper than 5:1 with gentler side slopes being preferable. As the ground 
slope increases, it becomes more difficult to construct a terrace with 
farmable side slopes and the terraces become more closely spaced. It is, 
therefore, necessary to modify the cross section, permitting the use of 
steeper side slopes. The steeper limits for terrace side slopes are 
generally accepted as 5:1 for row crops, I4.:1 for drill crops, and 3:1 for 
broadcast grass seedings. 

The length of the slope should be such that it will fit the least 
flexible farm equipment that is to be used. 

The design requirements of terraces for pasture land are the same as 
for cultivated land. However, they are not subject to the travel of farm 
equipment and need not have farmable side slopes. They may be as steep 
as the seeding equipment will permit for a good job of seeding. 

Terraces shall have sufficient capacity to handle the peak runoff 
expected from a 10-year frequency storm without overtopping. The 
following table gives the volume of runoff for a given number of inches 
of runoff for various terrace spacings: 

VOLUME OF RUNOFF IN 
CUBIC FEET PER LINEAR FOOT 


fforxz. 
Spacing 

o.U 

0.6 

0.8 

1.0 

Runoff Inches 

1.2 l.U 

1.6 

1.8 

2.0 

2.2 

75 

2.5 

3.8 

5.0 

6.3 

7.5 

8.8 

10.0 

11.3 

12.5 

13.8 

80 

2.7 

U.o 

5.3 

6.7 

8.0 

9.3 

10.7 

12.0 

13.3 

1U.7 

85 

2.8 

U.2 

5.7 

7.1 

8.5 

9.9 

11.U 

12.8 

1U.2 

15.6 

90 

3.0 

U.5 

6.0 

7.5 

9.0 

10.5 

12.0 

13.5 

15.0 

16.5 

100 

3.3 

5.0 

6.6 

8.3 

10.0 

11.6 

13.2 

15.0 

16.7 

18.3 

120 

U.o 

6.0 

8.0 

10.0 

12.0 

1U.0 

16.0 

18.0 

20.0 

22.0 

lUO 

1.7 

7.0 

9.3 

11.7 

1U.0 

16.3 

18.6 

21.0 

23.3 

25.7 

160 

5.3 

8.0 

10.6 

13.3 

16.0 

18.6 

21.2 

2U.0 

26.7 

29.3 

180 

6.0 

9.0 

12.0 

15.0 

18.0 

21.0 

2U.0 

27.0 

30.0 

33.0 

200 

6.7 

10.0 

13.3 

16.7 

20,-0 

23.3 

26.6 

30.0 

33.3 

36.7 


Figure U.U 



3. DESIGNING THE TE33R&CE SYSTEM (CQNT’D) 
Terrace Cross Sections (cont »d) 
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Generally terraces should be built to contain the above volumes of 
runoff as time of concentration at the outlet is so long that the maximum 
volume reaches the terrace ridge before appreciable quantities are 
discharged at the outlet. 

National requirements are that channel cross-section area be at 
least 6 sq. ft. for slopes over 8%, 7 sq. ft. for slopes 5 to 1%, and 
8 sq. ft. for slopes of less than 5%. 

Terrace Intervals 


Using Terrace Spacing Formula. Terrace spacing may be determined 
by the formula VI = XS + Y where "S" is land slope in percent, "Y" is 
a soil and cropping factor, and "X” is a rainfall factor. "T" is 
determined as follows: 

Y = 1.0 for soils with below average intake rates and cropping 
systems that provide little cover during intense rainfall periods. 

Y = 2.0 for soils with average or above intake rates and cropping 
systems that provide good cover during periods of intense rainfall. 

Y = l.£ where one of the above factors is favorable and the other 
unfavorable for soil intake. 

"X" is a variable which is determined by location. It is largely 
dependent upon the quantity and intensity of precipitation. (For 
level terraces ,r X" = 0.8) For gradient terraces, see attached map 
for value for any specific location. (Figure k.$) 

Using Universal Soil Loss Equation . The Universal Soil Loss 
Equation may be used to determine terrace spacing. This formula is 
E = KHL3CP which, when used for terrace spacing determination, 
becomes SL = E/KRDP where: 

L = Slope length factor. 

S = Land slope factor. 

E * Allowable soil loss in tons per acre per year. This may 
vary from 3 to 6 depending on the depth, texture, and 
erosion of the soil. 

K = Soil intake factor which may vary from .lf> to ,k9 depending 
on the intake characteristics of the soil profile. 

R = Rainfall erosion factor. This will vary from a value of 
£0 in the northwest part of Nebraska to 2£0 along the 
south border of Missouri. 

C = Cropping management factor which varies greatly according 
to the cropping system used. 

P = Mechanical practice factor which varies as follows: 




ire k.5 
quation 
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3. DESIGNING THE TEHBAI3E SYSTEM (CONT , D) 


"P" factor 

for various land slopes 


Percent Slope 

Lister Planting 

Surface Pis 

1.1 - 2.0 

.1*5 

.60 

2.1 - 7.0 

.38 

.50 

7.1 - 12.0 

.1*5 

.60 

12.1 - 18.0 

.60 

.80 

18.1 - 2l*.0 

.68 

.90 


To show how the Universal Soil Loss Equation may be used to 
determine terrace spacing, use the following sample problem and 
solution: 


Problem: Determine terrace spacing for a 7% slope on a Marshall Silt 
Loam Soil located in the northeast corner of Kansas. Two 
possibilities of cropping systems are being considered: 

(1) 5-year rotation of corn, oats, wheat with sweet clover, 
sweet clover. 

(2) U-year rotation of corn, oats, wheat with sweet clover, 
sweet clover. 


Solution: 


1) 2-year lister planting, 3 years surface planting - P * .1*5 

2) 1-year lister planting, 3 years surface planting - P = .1*7 


"E" for Marshall Silt Loam = 5.0 
"K" for Marshall Silt Loam = .32 
,r R" for northeast Kansas * 190 
"C" for rotation (l) = .21* 

"C" for rotation (2) = .16 

(1) Then SL = 5 ♦ .32 x 190 x ,2k x .1*5 (first rotation) 

(2) .And SL = 5 * .32 x 190 x .16 x .1*7 (second rotation) 

(1) Then SL = .76 

(2) SL = 1.09 

*(l) L.for 7% slope when SL *= .76 is 90 feet (approximately) 
#(2) L for 7% slope when SL = 1.09 is 175 feet ^approximately) 


^Formula to calculate "Lp" when SL has been determined: 


SL = 
Lp = 


S. ( 0.76 + 0 . 53 S ,+ 0 . 076 s ?) or 
100 


100SL 


. 0.76 + 0 . 53 S 4 + 0.07 



2 


■Where "S/ is land slope in percent. 

Lp is horizontal terrace spacing in feet. 
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U. L&YOTJT CP TERRACE SISTEM 


General 

The layout of terrace systems in many cases has consisted of merely 
determining the spacing from a formula, selecting an allowable grade, 
and then mechanically staking the terrace line. The importance that 
terraces play in both erosion control and moisture conservation justifies 
far more attention to the layout than this mere mechanical operation. 
When terraces are constructed, it is expected that they will be a 
permanent part of the farm for the next 20 to 30 years and that With 
the help of other conservation practices soil losses .will be held to a 
minimum. 

In the layout of terraces there are five things which should 
receive careful attention to assure that the system will be as practical 
to farm as the physioal conditions of the field will permit. These are 
(l) sharp bends in the terrace lines, (2) approaching obstacles at acute 
angles, (3) unnecessary point rows, (ii) crossing narrow ridges with 
terraces, and (£) adequacy of outlets, 

(l) Snarp bends are difficult to make with modem farm equipment. 
They are especially troublesome wherever farm equipment must turn inside 
the bend because they become sharper as farming operations proceed away 
from the terrace line. 



AVOIDING SHARP BENDS 
Figure U.6 



(Rev. 11, 


U-1‘ 


U. LAYOUT CF TERRACE SYSTEM (CCNTT) 

General (cont»d) 

(2) Approaching obstacles at an acute angle make fanning operations 
very difficult as this results in sharp corners where it is virtually 
inpossible to turn farm equipment. Terrace lines approaching narrow 
drains tend to turn up rather abruptly. If these drains are used as 
waterways, the terrace ends can be lowered sufficiently to provide good 
terrace drainage and also to eliminate the sharp angles. Farming 
operations or soil blowing frequently have caused field boundaries to 
be higher than the adjacent field. In such cases the terrace lines 
would turn rather abruptly down the boundary line. To prevent this, 
the terraces can be blocked if an adequate outlet is provided at the 
other end. If terraces must spill at this end, the high area along 

the boundary can be left as a road and the terraces ended before 
reaching the high area and a waterway provided between the terrace 
and the farm road. 

(3) Unnecessary point rows are one of the main reasons that 
farmers retire terraced fields from cultivation. 

If terraces are to be maintained and serve their intended purpose 
for several years, they must fit into an economical fanning operation. 

To best do this, it is Imperative that as many point rows be eliminated 
as is practical. Terrace layout, therefore, becomes an engineering 
planning and design procedure rather than a mechanical line running 
process• 



A great deal can be done with both level and graded terraces to 
make them more nearly parallel. Point rows can be eliminated in level 
terrace systems by making line adjustments with cuts and fills along 
the terrace lines. Level terrace systems where groups of terraces can 
be made parallel are limited to uniform fairly flat slopes, but many 
point rows can be eliminated in nearly any system. Point rows can be 
eliminated in gradient terrace systems by both changes In grade and by 
cuts and fills along the terrace lines. 
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k. LAYOUT OP TERRACE SYSTEM (CQNT'D) 


General (cont'd) 

(U) When terrace lines cross narrow ridges, they generally require 
sharp bends. If adequate outlets are provided In the natural drains, the 
terraces can end on each side of the ridge. When this is done, the ridges 
provide excellent field roads and help to keep the farm waterways from 
being used as farm roads. 

(5) A common practice is to provide terrace outlets at the field 
boundaries and to cross the natural drains with the terrace ridges. Field 
boundaries generally have steeper slopes, poorer soils, and shapes less 
suited for waterway use than do the natural watercourses. It is normally 
best to use the same locations for waterways that nature has provided to 
dispose of excess water. An adequate number of outlets should be provided. 
The greater the number of outlets that are provided, the more can be done 
to make the terrace system more farmable. 

The Key Terrace 

As a general rule, the upper terrace is staked first and each suc¬ 
ceeding terrace staked in turn. An exception to this rule may be made 
if it is desired to have a definite location for some particular terrace 
in the system. This terrace would then be located first and a sufficient 
number of terraces staked between it and the drainage divide to insure 
that the maximum vertical interval for any one terrace would not be 
exceeded. 

The location and construction of the top terrace is very important. 

If the top terrace fails, it often causes the failure of the lower terraces. 

Some general rules for location of the top terrace are: 

If the top of the hill comes to a point, the interval may be increased 
to one and one-half times the regular terrace interval. 

On sharp sloping ridges, the interval may be increased to one and 
one-fourth times the regular terrace interval. 

On long ridges where the terrace approximately parallels the ridge, 
the regular interval should be used. 

The watershed area above the top terrace should not exceed the area 
obtained by multiplying the terrace length by the normal terrace spacing 
for the slope and soil above the top terrace. 

Staking the Graded Terrace Outlet 


A method of staking a terrace outlet is shown in Figure U.i. A drop 
of 1.1 feet is given the last 100 feet. Of this amount, 0.1; feet is the 
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k, IAYOUT OF TERRS. CE SI5TEM (COMT'D) 

Staking the Graded Terrace Outlet (cont'd) 

continuation of the 0.k% slope, 0.5 feet is allowed for the depth of 
channel excavation, and 0.2 feet is given to clear trash and silt. If a 
drop of 0.5 feet is not allowed for the depth of channel excavation, the 
grade of the channel will rise in the last one hundred feet and the cross 
section of the channel at Station 13+00 will be restricted. The need 
for a drop of 0.2 feet to clear trash depends upon local conditions. 

Since the longitudinal section of the channel excavation feathers 
out as the channel grade meets the grade of the outlet, there will not 
be enough dirt available from the channel excavation to build the terrace 
ridge. Earth to make the fill can be had by deepening the channel with 
the expectation that the pit will silt up in time or the fill can be made 
by borrowing material elsewhere. The photograph in Figure l|.l gives 
another illustration of the principles involved in staking the outlet 
of a terrace. 

Determining the Vertical Interval 

On fairly uniform slopes the average slope of the area can be used 
in computing the vertical interval for the terraces. If the slopes 
vary considerably, the weighted average of all the slopes that a terrace 
is to cross should be used in computing the vertical terrace interval 
for each terrace. On some fields it may be advisable to reduce or 
increase the indicated interval for certain terraces in the system in 
order to place them advantageously. It may also be necessary to make 
adjustments between terrace intervals for graded terraces in order to 
get proper alignment at the outlet. Very frequently special considera¬ 
tion must be' given to factors other than vertical interval alone in 
determining the location of the top terrace of a system due to the 
peculiar shape and direction of slope of the top portion of the area 
to be terraced. There may be an abrupt change in slope on some part 
of a field. It may be necessary to place the terrace either just 
above or just below the slope. This becomes a key terrace and others 
are placed in proper relation to it. 

For graded terraces, it is usually found most convenient to start 
staking at the outlet end particularly if there are terraces discharging 
into both sides of the outlet so that proper alignment is attained. 

Stakes should be set at 50-foot intervals except on curves and through 
draws where a 25-foot spacing should be used. Where topography is 
uniform, 100-foot and 50 -foot spacing, respectively, may be satisfactory. 

It is not always possible to secure the most satisfactory terrace 
layout in the first attempt. After a few lines have been staked, 
topographical features will sometimes be encountered that will favor 
changes in terrace lines. If such changes are extensive, it is usually 
best to pull up all stakes and start over again. 
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k, LAYOUT OF TERRACE SYSTEM (CQNT'P) 

Determining the Vertical Interval (cont*d) 

After the terrace lines have been staked, some realignment is 
necessary on each proposed terrace in order to eliminate undesirable 
sharp curves, to obtain greater ease of construction, and to secure a 
finished terrace that will offer a minimum of inconvenience in later 
tillage operations. The general procedure is illustrated in Figure U.7. 

The movement of terrace lines up and down slopes will, of necessity, be 
restricted by the drainage and construction features encountered. 

Usually the straightening should be limited in upward movement so that 
not more than a 6-inch additional cut will be necessary in the terrace 
channel and the number of cuts of this depth should be kept to a 
minimum. The straightening of terraces through depressions should 
not be such as will introduce excessive ridge heights and objectionable 
pond areas. 

Relation of the Staked Line to the Completed Terrace 

Graded Terrace . The channel is constructed on the stake line to make 
the constructed channel grade the same as the designed grade. Additional 
depth of channel cuts is made to compensate for any uphill adjustment of 
the stake line of ridges. Additional height of ridge fill is made across 
gullies, narrow depressions, or lows resulting from any downhill adjustment 
of the stake line. 

Level Terrace . The ridge is built on the surveyed stake line to make 
the constructed ridge a level impounding levee. Fills are made in low 
spots to make the settled ridge top level. 

Adjustments to Improve Terrace Alignment 

Figure lj.,8 shows a topographic map with contours taken in the field at 
£-foot vertical intervals and interpolated at 1-foot intervals on the map. 
The 1-foot contours are shown in dotted lines. The lines with arrows show 
scaled slopes. 

A system of terraces has been plotted on this map beginning with the 
top terrace and proceeding down the slope. 

The stippling shows the areas of variable width between the terraces. 
These irregular areas cause point rows which increase the number of turns 
required in cultivation and add to the cost of farming. If, by care in 
planning, point rows can be eliminated or reduced, the cost of cultivation 
can be reduced. 

It is desirable sometimes to use greater refinement in the design of 
terrace systems to eliminate point rows or otherwise improve the system 
than can readily be obtained by field observation. For this purpose, 
topographic maps are particularly useful. 
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4. LA.TOUT OF TERRACE SYSTEM (CCNT'D) 

Paralleling Te rraces 

In laying out terraces, it is frequently possible to make a pair of 
terraces parallel throughout or in part and thus reduce the number of 
point rows in a field. 

In view of the time and effort saved for the farmer over a period 
of years if a set of point rows is eliminated, the technician is justified 
in spending several hours, if necessary, to accomplish this. 

If several of the natural drains are used as waterways the paralleling 
of terraces is more readily accomplished. 

The maximum spacing' of parallel- terraces should be in accordance with 
the spacing criteria for standard terraces. The use of parallel terraces 
eliminates to a great extent the objection to narrow spacing as turning 
within the field is eliminated. Spacing used should be within the above 
maximum but should be adjusted to fit complete trips of least flexible 
farm equipment that will be used. 

The amount that terrace lines can be moved for terrace alignment is 
dependent on the maximum allowable grade and on the permissible cut to be 
made. For level terraces, the maximum permissible cut would govern. 

Two systems for the layout of parallel terrace systems are recommended. 
Which one is used is dependent on the uniformity of the slopes to be 
terraced. 

gystem 1 - Uniform Slopes . Beginning at the highest part of the 
field, the slope should be measured to approximately the center of the 
field in sufficient detail to determine the number of and general location 
of terraces. 

Then the key terrace should be staked to grade.. This key terrace 
will usually be located about midway down the slope. Sharp bends and 
minor irregularities should be corrected on this terrace line and the line 
marked out by use of farm tractor or other positive means of line marking. 
Using a small rope or similar measuring device, stake two terrace lines 
parallel to this terrace on the selected vertical interval and horizontal 
spacing, one on each side of the key terrace. One man will walk along the 
key terrace and make sure the rope is perpendicular to the line as the 
second man marks the adjoining parallel lines. The final location of the 
line is best made by use of the farm equipment with a spacing marker to 
assure that spacing is kept uniform on curves. The final line is then 
checked to determine if it meets layout requirements. 
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System 1 - Unifoim Slopes (cont'd) 

Additional parallel terrace lines are run in the same manner until the 
allowable grade plus maximum determined cut is exceeded, When this is the 
case, another series of terraces are laid out in the same manner. To 
determine when a new series of terraces must be started, rod readings or 
elevations should be taken on the staked lines. These readings are plotted 
on profile paper and lines drawn that will balance cut and fill. These 
lines must be within the allowable grade. 

System 2 - Irregular Slopes . For irregular slopes, the entire set of 
terraces is staked out as for conventional terraces. Key terraces are 
then selected that best fit in with terraces on both sides. Short sharp 
bends and minor irregularities are then corrected on the key terraces, 
a number of measurements made between the key terrace and adjoining 
terrace to determine the average horizontal spacing that will fit the 
farm equipment to be used, and the adjoining terraces made parallel to 
the key terrace in the same manner as in System 1. In some cases only 
sections of the terraces can be paralleled but even partial paralleling 
can result in considerable reduction of the number of point rows. 

An alternate system that makes use of a grid survey is an excellent 
method of laying out terraces. A grid map on 100-foot centers is made of 
the field to be terraced. Terraces can then be planned on the grid map 
and transferred directly to the field by measuring the lines in from the 
grid points. This method may require somewhat more time than the others 
but generally results in a better terrace layout as location of key 
terraces is easier to detexmine and allowable alteration of terrace lines 
can readily be made. 

If paralleling is accomplished to the point that cut and fill terraces 
are to be made, it will be necessary to obtain elevation readings at each 
stake line on the parallel lines. For uniformity of construction, the 
stake line is usually at the intersection of the terrace ridge front slope 
and the terrace channel. 

If paralleled terraces are to be constructed with motor grader, 
bulldozer or similar equipment, the ground along the terrace line will 
need to be brought to the elevation of the grade line. If the terraces 
are to be constructed with carry-all type equipment, then the terrace 
channel and ridge will be shaped as excavation and fill are made. This 
will eliminate the need of moving the ridge portion of the terrace where 
this portion is above the average ground line but not above the top of 
the terrace ridge. 
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U. LAYOUT CF TERRACE SYSTEM (CQNT»P) 

System 2 - Irregular Slopes (cont*d) 

Figure U.9 shows a revised layout of the terrace system shown in 
Figure U.8. In the revision, terraces have been made to lie more nearly 
parallel to each other and thus reduce the number and size of irregular 
areas. An inspection of the two layouts will show the amount of this 
reduction. To accomplish this result, the positions of the terraces 
have been altered by changing the location of summits which in turn 
have changed the total fall of the terraces. Grades have been 
steepened at the upper ends of terraces (summits) where the volume of 
water carried by the terrace is small. Thus, it has been possible 
to make terraces 1, 2, and 3 parallel to each other and eliminate 
irregular areas between them. In laying the lines in the field, 
terrace 2 would be staked according to grade elevations shown and 
terraces 1 and 3 would be placed by measuring uniform distances from 
terrace 2. Grade elevations would be checked for terraces 1 and 3 
to insure an acceptable grade line. Terraces 3 and U have been 
made partially parallel to each other by varying the grades on 
terrace U. Part of terrace U has a variable grade as shown and part 
of it has a uniform grade of 0.5 feet per 100 feet. In this way, 
the size of the irregular area between these two terraces has been 
reduced. 

It will be seen that terrace layout 2 can be farmed more easily 
than terrace layout 1. 

In areas tfiere soils are permeable and slopes are uniform, 
considerable paralleling of terraces has been done to advantage. 

In areas where soils are impervious and slopes are irregular, 
it is difficult to parallel terraces without causing objectionable 
ponding. 

In attempts to make lands between terraces uniform in width, 
care should be used to avoid excessive cuts and fills. While soil 
types will influence the limits, in general, cuts should not exceed 
one-half foot below the usual terrace channel and fills should not 
exceed moderate heights. 

Also, terrace grades should be sufficient to provide prope* 
drainage, but they should not be so steep as to cause erosion in 
the terrace channels and the washing out of crops. 












Figure l*,9 


REVISED TERRACE LAYOUT 
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h. IAIOOT CF TEffilAGE SBSTEM flCOOTT)) 

System 2 - Irregular Slopes (oonfc»d) 

On large fields It is seldom possible to parallel the terraces over 
an entire field. More often it Is possible to parallel groups of 
terraces or portions of groups where slopes are regular. 

Staking Cuts or Fills Where Alignment Is Improved 

If the terrace as finally laid out varies from the planned grade line 
by more than approximately 0.2 foot, it will be necessary to set cut and 
fill stakes to guide the equipment operator in installing the structure. 
If the variation is only for short segments through narrow ridges or 
across narrow drains, cuts and fills can readily be determined from the 
original line survey. 

When the terrace line varies from the planned grade line for an 
appreciable portion of the total length, it is generally advisable to 
profile the entire line and then determine the extent of cuts and fills 
necessary. 

Where the construction line is within the approximate 0.2 of the 
surveyed line, the equipment operator can normally construct the 
terrace without additional eut or fill stakes. 

The technician planning or laying out the terrace system should 
keep in mind that every point row that can be eliminated will result 
in a saving in farming cost for a number of years. Even though only 
segments of terraces can be paralleled, this is muoh preferred over 
no paralleling at all. 








PATTERN OF LAND USE AND EXPECTED SOIL LOSS PER ACRE FOR SPECIFIED ROTATIONS AND PRACTICES ON 
MARSHALL SILT LOAM SOILS WHERE THE DOMINANT SLOPES ARE ABOUT NINE PERCENT. 
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Figure U.10 
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$. OBSTRUCTION OF TERRACES 


Preparation of the Field 

All dead furrows or ditches to be crossed should be filled in before 
the construction begins to prevent seepage through terrace ridge and to 
facilitate construction. 

All old fence rows should be leveled off. 

Surplus vegetation should be removed. 

Heavy sod should be thoroughly disked. 

Methods of Terrace Construction 

Building Terraces with a Motor Grader . The Patrol grader is an excel¬ 
lent tool for building terraces. Since the blade is reversible, dirt can 
be moved either to the right or left which permits the moving of earth 
from the upper or lower side of the terrace at will. The size of the cut 
taken by the blade depends upon the size of the equipment and the tough¬ 
ness of the soil. The load is adjusted by raising or lowering the heel of 
the blade to keep the machine from skidding. The angle of the blade 
should be such as to roll the dirt and not just slide it ahead. 

Figures U.ll and li.12 show the positions of grader blade cuts and 
sequences of operations for terraces built with earth taken from the 
upper or both sides of a terrace. The number of rounds indicated are not 
necessarily the number of rounds required to construct a terrace to the 
desired specifications. The upper photograph in Figure U.13 shows a 
motor grader cutting the back slope of a terrace. 

Building Terraces with a Moldboard Plow. The plow should be in good 
mechanical condition. Plow sfiares should be sharp. Power should be 
sufficient to maintain a fast speed so that the dirt can be thrown from 
the moldboard. 

Trash should be cleared from the area to be plowed if it is heavy 
enough to interfere with the plowing. 

The lower photograph in Figure li.13 shows terrace construction with a 
moldboard plow. 

When soil is in good condition for plowing it is in good condition 
for terracing with a plow. 

Figure U.lU shows the position of plow furrows and the sequence of 
operations in the building of a terrace with a two-bottom moldboard plow. 
Rounds are numbered to show sequence in plowing for this particular method 
and do not indicate number required to complete a terrace to specifications. 
Usually about 1*0 rounds are required to construct a good terrace. 

Before plowing is started a second line of stakes should be set 8 to 
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STAKE LINE 


ROUND U 


ORIGINAL GROUND LINE 


IROSS SECTION AFTER CONSTRUCT! 


CROSS SECTION AFTER SETTLEMENT AND CULTIVATION 


Progressive steps of one common method of constructing a terrace 
from one side with a 10-foot blade grader or terracer. The 
terrace is constructed from the upper side only. The trip and 
round numbers are primarily intended to show the sequence of the 
operations. Different conditions will require more or less 
rounds than those shown. 


Figure lull 


TERRACE CONSTRUCTION 

by 

Patrol Grader 
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ROSS SECTION AFTER CONSTRUCTS 
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CROSS SECTION AFTER SETTLEMENT AND CULTIVATION 


Figure U.12 


TERRACE CONSTRUCTION 
by 

Patrol Grader 


Progressive steps in constructing a terrace from both sides 
with a 10-foot blade grader or terracer. The terrace is 
constructed from both sides. With inexperienced operators 
and on certain soil types it may be desirable to secure the 
necessary center height in the first few rounds. 






TERRACE CONSTRUCTION WITH PATROL GRADER 


TERRACE CONSTRUCTION WITH A MOLDBOARD PLOW 


Figure U.13 
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Start with 
outfit just 
below stake 



Numerals Indicate I 2 
position of plow 
for each round. 



Position of furrow wheel when making trips that 
roll soil onto the "Island 11 to form terrace ridge. 



Figure lull* 


TERRACE BUILDING WITH 2- 
BOTTOM TRACTOR MOLDBOARD PLOW 
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$. QOMSTRUCTION OF TERRACES (CONT«D) 

Building Terraces with a Moldboard Plow (eont f d) 

9 feet below the original line of terrace stakes. In order that the 
tractor driver may follow staked lines closely and plow strips of unifora 
width, all stakes should be *>0 feet apart on gentle curves and 25 feet 
apart on sharp ones. The strip between the lines of stakes is known as 
the "island*. Dirt is plowed over dirt to fora a ridge on this Island 
which is the "secret" of successful terrace building with a moldboard 
plow. 

For graded terraces locate the island below the stake line. For 
level terraces center the island on the stake line. The island width is 
an important factor related to the size of terrace to be built. 

The plowing for the first set of three rounds should be about four 
inches deep. Subsequently, as dirt is plowed over dirt on succeeding sets 
of rounds, the depth of the plowing should be increased an inch for each 
set so that the plows will cut a little solid earth. 

As earth is moved toward the center of the island on each subsequent 
set of rounds, the plow should be set over one plow width (11* inches) and 
under the loose dirt of the previous plowing, if it is set over more than 
a plow width the center will be reached more quiekly but less earth will 
be moved into the terrace ridge. 

On the steeper slopes it is desirable to lessen the steepness of the 
back slope by making more cuts on the upper side of the terrace than on 
the lower. Then the plowing can be extended out into the field on the 
return trip on the lower side or the return trip can be used to pack the 
loose dirt on the upper side. 

Usually it is necessary to use a scraper or a bulldozer to make fills 
in a plow-built terrace. 

Variations can be made in the procedure Just described to meet the 
needs of particular situations and also the desires of the builders. The 
proportion of earth taken from the upper or lower side can be varied by 
varying the number of trips on either side. 

A 3-bottom plow can be used rather than A 2-bottom, if desired. 

Building Terraces with a Disc Tiller. Terraces can be built by using 
a disc tiller with 2u-inch or greater diameter discs. Smaller discs are 
not recommended. 

A U-foot disc tiller with 5 discs drawn by a 20 H.P. tractor on rubber 
provides a good construction unit. Enough power and speed is provided by 
the tractor to throw the dirt rather than Just turn it over. 

Vhen soil conditions are favorable for plowing, they are favorable for 
terrace construction. 
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5. CONSTRUCTION OF TERRACES (OOHT'D) 

Building Terraces vith a Disc Tiller (cont'd) 

Figure U.15 shows the steps in an actual construction of a terrace 
vith a disc tiller by what is known as the "step in" method. Since there 
is nothing to be gained by disturbing soil which will be under the final 
terrace ridge, first cuts are made at the distances shown from the staked 
center line of the ridge. Loosened dirt is then moved into the ridge. 
Subsequently other cuts are made at greater distances from the center line 
and the loosened earth is moved into the ridge until the desired terrace 
cross section is obtained. There is no exact position or sequence of cuts 
to fit all conditions. But the amount of dirt loosened and moved to the 
center should be what the unit can handle effectively. The loosened ridge 
of earth should not be so great that the tractor and tiller will flounder 
around in it and lose effective effort. 

If a larger proportion of earth is to be taken from the upper than the 
lover side, subsequent rounds on the lower side may extend out into a 
plowing operation. 

The number of rounds required to build a terrace depends upon the size 
of the terrace desired, the size of the equipment and the effectiveness of 
its performance. It also depends upon the width of the plow, the speed of 
the tractor, and the soil. 
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S. CONSTRUCTION OF TERRACES (CONT«D) 

Constructing Terraces with an Elevator Terracer 

Terraces can be constructed by an elevator type terracer pulled by a 
farm tractor. Mounted elevator equipment on farm tractors or motor graders 
is also very efficient in building the body of the terrace. This type of 
equipment usually moves earth 10 to lU feet and permits building the 
terrace ridge on a solid "island" of earth. 

Since an elevator terracer throws earth in one direction only) the 
terrace ridge is built from both sides. This procedure limits use of 
the equipment to slopes on which terraces can be built from both sides 
unless the machinery is "deadheaded" and extra trips made on the uphill 
side of the terrace ridge. It is difficult to build a terrace from the 
downhill side on slopes in excess of 5>£. 

The sketch below shows the various cuts made by the elevator and 
relative positions of the earth deposited on the "island". 

TERRACE CONSTRUCTION BT ELEVATOR GRADER OR TERRACER 


Successive cuts of 
e/eyator plow or disc 

°7 ^rr 
u 10 8 6> 4 


Stake line or 

& 

Island 

Excavated earth from I st cut 
on uphill side of terrace 


I st Cut' 



Width of island twice 
the length of elevator^ 


Natural ground'y 
5 » a 

4-rfmr 


Figure iul6 

Start construction with an "island" twice as wide as the length of 
the elevator and with the stake line in the center. The earth will be 
carried farther than the elevator length and will overthrow the center 
of the island for the earliest rounds. This gives the necessary height 
to the ridge in the first few rounds. 
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5. CONSTRUCT!OH OF TERRACES (COKT»D) 



Figure U.17 

Light cuts should be made in the first few rounds so that the exca¬ 
vated areas are properly shaped and for successful operation of the ele¬ 
vator belt and rollers. Full cuts are made after the first few rounds. 
The outside edges of the excavated areas can also be shaped to meet the 
natural ground by reducing the depth of cut as the machine moves outward 
from the terrace ridge. 

Fourteen to twenty rounds are usually necessary to construct a suit¬ 
able terrace> depending on the size and the degree to which the elevator 
is used to provide for a smooth, uniform cross-section. The width of 
cut taken by the machine will also vary the number of rounds necessary 
to construct the ridge. Small elevators that are tractor mounted do not 
throw the earth as far and more rounds are needed for this type of 
equipment. 



Figure h.l8 
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5. CONSTRUCTION OF TERRACES (OONT«D) 

Bulldozer , The bulldozer is an efficient terracing machine under any 
condition. It can be used on very rough, stony, and eroded soils. The 
ditches can be filled as part of the terrace construction operation. The 
bulldozer will operate under conditions in which other types of equipment 
cannot efficiently function, such as in extremely dried-out soils. Two 
methods have been used as shown in Figure U.19. 

The roughing-in is accomplished by making three "cuts" and "bucks". 
After the roughing-in is completed, two rounds or more are made lengthwise 
to shape the slopes and sometimes one in the channel is necessary to give 
the terrace its final shape and cross section. 

Checking the Finished Terrace 

After a terrace has been built, it should be checked for correct grade, 
height and sufficient cross section. High spots in the channel which will 
prevent flow in drainage terraces should be lowered to grade. Low places 
in the terrace ridge should be raised so that breaks will not occur at 
these points. The upper end of drainage terraces should be raised to a 
steeper grade or blocked so that water does not flow out. The outlet end 
of drainage terraces should provide for free flow into the outlet. The 
ends of level terraces should be checked to see that they provide the 
closure specified. 

The high and low points should be marked so that the necessary cor¬ 
rections can be made. Prevent ponding in graded terraces over 0.1 foot 
deep. This is always a hindrance to operation of farm equipment and it 
causes crop loss. 

Vhen checking level terrace the ridge height should be checked 
carefully for low spots and the ridges strengthened at gullies and ravines. 

6. TERRACE MAINTENANCE 


Control of Inter-Terrace Erosion 

Terraces are designed and constructed with sufficient capacity to 
adequately handle the runoff that could normally be expected from the area 
above them. Any factor tending to decrease this capacity will automati¬ 
cally lower their efficiency and increase the possibility of serious breaks 
during heavy rains. The two things that contribute to this decrease in 
capacity are silt accumulation in the channel from the cultivated area 
above, and the working down of the ridge by normal cultivation practices. 
While these two contributing factors can be reduced to a minimum by proper 
rotation and tillage practices between the terraces and by proper care in 
farming on the ridges, they cannot be eliminated completely and unless 
compensated for by maintenance practices, will gradually lead to complete 
deterioration of the terraces. 



STRAIGHT CUT METHOD 

A method for terrace construction with bulldozer 


Figure It. 19 








6, TERRACE MAINTENANCE (OONT«D) 

Repair of Fills In Terrace Ridge 

For the first season or two after construction, the farmer should be 
encouraged to be on the lookout after rains for low places in the ridges 
and should make additional fills when these occur. Although terraces are 
checked during construction, a ridge may settle more in one place than in 
another, leaving a low spot that will reduce the effective height of the 
entire terrace. Occasionally a high spot in the channel will also be 
noticed, and whenever such is found, it should be cut out. 

Repairs in fills should be higher and broader than the old portion to 
prevent over-topping or seepage. 

Removal of Silt Bars from Terrace Channels 

To maintain design grade and capacity of the terrace channel silt 
bars must be removed with such equipment as the bulldozer or scoop. 
Neglecting to remove bars will cause over-topping, broken terrace ridges, 
and severe gully erosion below the terrace which failed. 

Increasing Terrace Ridge Helcftt 

Plowing for Terrace Maintenance . Terraces can be maintained as part 
of regular plowing operations if the land is plowed. The plowing may be 
done by one-or-two land method as shown in Figure U.20. By throwing dirt 
up or down hill as necessary, the cross section of the terrace can be en¬ 
larged or reduced as desired. Some extra work is needed to repair breaks 
in terrace ridges and some will be required to keep channels open and 
ridges built up at terrace ends where plowing does not go clear through 
the full length of the terrace. 

In the plowing operation, a strip down the center of the terrace 
interval may be left for a turn row, so that turns may be made on hard 
ground during the plowing of irregular areas between terraces. Then the 
turn row strip may be plowed as a final operation. This is possible 
where mounted tools can be easily lifted from the ground. 

When a one-way disc tiller is used for plowing, the same general pro¬ 
cedure for terrace maintenance is used as with a moldboard plow. 

If a two-way plow is available, soil may be moved uphill to offset the 
effect of erosion which carries soil down the slope. Its use will 
eliminate back-furrows and dead-furrows in undesirable locations and will 
simplify plowing. 

There is less movement of soil down cultivated slopes when fields are 
in small grain or close-growing crops than when they are in clean-tilled 
crops. Hence, it is advantageous from the standpoint of terrace mainte¬ 
nance if steep slopes are kept in the former as much as practicable. 















6. TERRACE MAINTENANCE (POUT'D) 
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Cleaning Channels with Terrace Construction Equipment . When fields 
are disked or listed rather than plowed It will be necessary to occasion¬ 
ally clean the channels out and build the ridges iq> with a blade grader 
or some other tool. 

Although it occurs rather infrequently, serious damage nay result 
from washes through the ridge which start from rodent burrows or cracks 
that are opened up by soil drying. These breaks should be immediately 
repaired. 


7. FARMING TERRACED FIELDS 

Preparing Seedbed and Planting Crops on Terraced Land 

All seedbed preparation should be carried out by using the terrace as 
a guide line for starting operations. 

Planting Row Crops on Terraced Land 

a. Method 1 (See Figure U.21) 

When planting row crops such as com or sorghum, start planting 
on the uphill side of the top terrace (Step 1). Don*t straddle the 
terrace with the planter. Put the first row Just off the terrace 
ridge on the uphill side. Continue planting to the top of the slope. 
Straddling the terrace ridge with the planter will cause trouble 
later in cultivating - the front shovels will be buried while the 
rear ones are dangling.in the air. 

After planting above the top terrace to the edge of the field, 
continue the planting by starting on the ridge back slope of the 
top terrace and plant down the slope about one-third of the distance 
between the first and second terrace (Step 2). 

Then go to the channel side of ridge of the second terrace 
and plant up, just as with the first one, until a strip of land 
eight rows wide at the narrowest part is left unplanted (Step 3). 

This remaining' area yet to be planted will almost certainly be 
irregular in width. 

Now plant extra (shorter) rows on the vide portion of this re¬ 
maining area until the eight row width of tumland extends through 
the entire length of the field (Step U). This permits planting 
the irregular areas without turning on planted ground. This pro¬ 
cedure is necessary when planting is done with a lister. 

The eight row width tumland is planted last, giving eight 
rows that go throucfi the entire length of the field (Step $). 



Planting 


Row 


Crops on Terraced Land 


METHOD No. I 


STEP NO. I 



STEP NO. 2 


r CONTINUE PLANTING BV STARTING ON BACRSLOPE OP TOP TCP PACE ANO 
PLANT DOUJN ABOUT ONE THIRD Of DISTANCE BETUJEEN l«d 2»T£PPACES - 



STCP NQ 3 



STEP NO. 4 
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Figure h.21 







7. FARMING TERRACED FIELDS (OONT«D) 


Planting Row Crops on Terraced Land (cont*d 


The width of this tumland nay vary hut eight rows are enough for 
either a two row or four row planter. 


Many prefer this method because no turning is done on planted 
ground, and a better contour is maintained. In harvesting pick 
the eight turn rows and disk them down. This leaves a turning 
area for picking the point rows. 

b. Method 2 (See Figure U.22) 

Another method is to start planting on the channel back 
slope of the top terrace and continuing to the top of the slope 
or field boundary (Step 1), 

Then start planting on the channel side of the ridge of the 
second terrace. Plant uphill until a land eight rows wide at 
the narrowest portion is left unplanted on the back slope of the 
next terrace above (Step 2). 

The remaining area yet to be planted will be irregular in 
width. Next, plant extra (shorter) rows on the wide portions 
of the remaining area. This will leave an eight row width of 
tumland extending through the entire length of the field (Step 
3). Here again this permits the irregular areas to be planted 
without turning on the planted ground. 

The final operation is that of planting the tumland. To 
do this start near the top of the ridge back slope of the top 
terrace and plant down eight rows (Step U). The only difference 
between this method and the first is in location of tumland. 

In this method the eight row tumland is left Just below each 
terrace instead of halfway between terraces. 

Many farmers prefer this method because! 

(1) It can be carried out without turning the equipment on 
planted ground. This is of considerable importance if 
you plant your com with a lister. 

(2) Many farmers find this method of planting easier to 
explain and more easily understood by the hired nan. 

(3) With the eight row tumland area located on the back 
slope of the terrace it is easier to start picking on 
rows that extend the entire length of the field. 


The establishing of the eight row tumland area in both 
methods 1 and 2 of planting is easily done by eye after a little 
experience in doing it. Here, as in plowing, it may be desirable 
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Figure U.22 








7. FARMING TERRACED FIELDS (OONT'D) 


UJ16 


Planting Row Crops on Terraced Land (confd) 

to set two lines of stakes the first time the farmer tries it - 
one line of stakes in the upper side and the other line on the 
lower side of tumland. Vith added experience this will not be 
necessary. 

c. Method 3 (See Figure U.23) 

A third way to put in row crops is to start planting (Step 
1) on the uphill slope of the top terrace and planting to the 
top of the slope on field boundary just as in the other methods. 
Then start on the back slope (Step 2) of the top terrace and 
plant down to a point approximately one-half the distance to 
the second terrace. 

Next (Step 3) , start planting near the top of the channel 
back slope of the second terrace, planting uphill until the 
rows join those already planted. This will leave point rows 
near the center between terraces. (An alternate method of 
planting point rows is to plant from both sides rather than 
from one side as shown.) Continue this procedure with the 
remaining terraces. When planting is completed to the last 
terrace, use it as a guide line and plant to the bottom of the 
field. Where listing is done Method 3 is not recommended because 
of turning on planted ground. 

Harvesting Crops on Terraced Land 

Harvesting Small Grain (See Figure U.2U) Grain crops will either be 
harvested with a binder, windrower, or cut direct with a combine. All 
of these operations present the same general problems. On land that slopes 
6 percent or less, standard terraces built according to specifications 
can be crossed with machinery at almost any angle. The easiest way to 
harvest grain on such terraces is simply to cut around the field, as would 
be done if the terraces were not there. On the steeper slopes, where 
terraces cannot be built wide, it is probably better to harvest the grain 
with the terraces. If terraces are nearly parallel it would be well to 
select one key terrace usually near the center terrace. A land can then 
be opened on this terrace. With a binder or combine this will simply 
mean back cutting on the terrace ridge selected for a key terrace. With 
either of these machines it is best to put the grain wheel on the terrace 
ridge and make a complete round. Self-propelled combines harvest effi¬ 
ciently vith the terraces and eliminate most of the harvesting problems. 

If a vindrower, which delivers the grain to the center, is available, 
the Job is easy since only one back-cut through the field vith the vind¬ 
rower is necessary. It is probably better to make this cut with the 
grain wheel running on the top of the terrace ridge. 
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Planting Row Crops on Terraced Land 

METHOD No. 3 



STEP NQ I 







If you don't want to bother with point rows you can 
just leave the urfeven area in meadow or small grain. 

From USDA, SCS 
Milwaukee, Wise. 


Figure 1*.23 


SMALL GRAIN 


On land that slopes lass than about 6 percent terraces are built wide enough to let you 
cross them with machinery at almost any angle you choose. Thus you can cut such fields 
by going 'round and 'round them just as you always do. On steeper elopes, where terraces 
can't be built wide, it is probably better to harvest the grain with the terraces. The 
three drawings below showing a windrower in operation illustrate how this may be done. 
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A METHOD FOR! HARVESTING CROPS ON TERRACED LAND (SMALL GRAIN) 


Figure h.2h 
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7. FARMING TERRACED FIELDS (OONT'D) 

Harvesting Com or Grain Sorghum (See Figure h.2$) The method of 
picking com on terraced land depends largely on how the field was planted. 
It vill be the reverse, so to speak, of the corn planting procedure. Only 
one method is shown in detail which is for picking corn planted according 
to Method 1, Figure U. 2h. Others will be very similar and, in any event, 
vill be the reverse of the planting process. 

First, open up a land by picking the rows in the eight-rov tumland. 
With a two-row mounted picker this is very simple. With other pickers 
it vill be necessary to contend with down rows. 

The short or point rows should be picked next (Step 2). They can be 
picked very easily by using the ei^it-rov tumland to provide a place 
to turn equipment. 

Next, as illustrated in Step 3, harvest all the long rows between the 
tumland and terrace number 2. As in the harvesting of the short rows, 
the eight-row tumland vill furnish an adequate tumland for harvesting 
these rows. 

The last step illustrated vill be to harvest the rows up to and above 
the top terrace. Usually it is better to open a land in this area by 
picking around the area containing the long rows. This is illustrated 
in Step U. After the long rows are harvested any short rows that remain 
along the field boundary can be harvested as a land by working around the 
remaining corn. By harvesting the long rows first, adequate turning area 
is provided for picking these short rows. 

The remainder of the terraces are harvested as indicated in Steps 1, 

2, and 3, and the area below the last terrace can be harvested by lands as 
is done in picking an ordinary field. It is well here, as in picking out 
the top terrace, to pick the long rovs first, so that adequate turnlands 
are provided for harvesting the short rovs. 

Some details which apply to corn harvest in terraced fields in general 

aret 

(1) The method of adapting picking to the various planting methods 
is to study the charts for planting and use the reverse order. 

(2) On all methods of planting, harvest the long rows first. This 
leaves a good-sized area of picked com to turn on in harvesting 
the short rows. 

(3) Where a mounted picker is used and the wagon is pulled behind the 
tractor, vide sideboards vill be needed so that corn vill not fall 
on the ground. 

(U) On the mounted type picker a shut-off of the elevator should be 
provided for Short curves. 



Harvest row crops in rovers# of the way the field was planted. The illustrations below 
show how to harvest corn where the turnlend wee planted between the terraces. 








7. FARMING TERRACED FIELDS (OONT»D) 


Harvesting Com or Grain Sorghum (confd) 

(5) The procedures for harvesting corn for silage can follow the 
sane steps as for picking com. 

Harvesting Hay . Techniques used in cutting hay are similar to those 
used with grain. On land sloping up to about 6 percent, hay should be 
cut just as though the field were not terraced. On steeper land it will 
be better to open up lands on the terraces and work each terrace as an 
individual unit. Using a side delivery rake presents the most difficult 
problem. The best starting position is to work the hay down from the top 
of the terrace ridge. This will leave one windrow in the bottom of the 
terrace channel and one on the ridge back slope. Both of these are easily 
picked up with a hay loader. If the short windrows are made and picked up 
in connection with the last long windrow, much excess driving in the field 
will be avoided. 
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VEGETATED OUTLETS AMD WATERWAYS 


1. GENERAL 


Definition 

A constructed or shaped open earth channel which is protected from 
scour and gully erosion by the establishment of suitable vegetation. 

Adaptability of Vegetated Outlets and Waterways 

The grassed waterway is one of the most common and basic conservation 
practices generally recognized, accepted, and practiced by the farmer. 
Whenever there is rainfall, there are conditions under which a surplus 
of water will pass over the land in the form of runoff. The success of 
ary soil conservation program depends on the removal of this surplus water 
without damage to the land. 

The safe removal of surplus water is a problem common to every farm. 

The accumulated flow from only a few acres is sufficient to cause movement 
of soil to the extent that a gully is started. The need for a protected 
channel to transport concentrated runoff without damage to the land is 
obvious. 

Types of Vegetated Outlets and Waterways 

Vegetated waterways are required as a part of the conservation treat¬ 
ment of practically all farms where water disposal is a problem. There 
are two types of vegetated waterways - those built in natural channels 
and those built in artificial channels. Natural channels are used unless 
gullying has occurred to the extent that it is not feasible to move the 
earth required to produce a proper cross section. Natural channels usually 
provide lower and more uniform grades and have the distinct advantage of 
providing natural drainage for water that is directed into them. No levees 
or dikes are required to keep the flow in the natural channel. Experience 
has shown that artificial channels, commonly called "field side outlets" 
are difficult to maintain, particularly in areas susceptible to wind erosion, 
usually require removal of earth to the extent that a poor seed bed is 
produced, and the site location is governed by the field boundary location 
rather than by topographic considerations. 

Location of Vegetated Outlets and Waterways 

Natural Draws . In general, the most satisfactory location is in a 
natural watercourse. Here the slope of the channel is usually the flattest 
in the watershed. Natural land slope confines the flow; is, in effect, 
like sideboards, and eliminates the need for levees. Soil and moisture 
visually are most favorable to vegetative growth. This location interferes 
less with operations when it is necessary to cross the outlet. 

The shape of the natural draw normally is parabolic and a minimum of 
shaping is necessary. 
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1, GENERAL (COJTPD) 


Location of Vegetated Outlets and Waterways (cont*d) 


Side Field and Ridge Lines , It is sometimes necessary to locate the 
waterway parallel to a fence line or along a ridge. In these instances, 
it is necessary to construct an artificial channel. Such locations are 
sometimes used to: 

1. Eliminate an outlet in the central part of a field. 

2, Outlet terraces or diversions that cannot be extended to 
a natural draw. 


3. Provide an outlet away from buildings or other critical 
areas. 

U. Avoid using a natural draw which has a gully that would be 
expensive or impractical to control. 


2. SURVEYS 


Watershed Map for Planning 

Terraces or diversions will normally change the surface drainage 
pattern. For this reason, it is necessary to know approximately the 
final layout before estimating the amount of runoff the outlet will be 
required to handle. It is essential that a determination of additional 
area from terraces or diversions, which will be diverted into a waterway, 
be made before trying to estimate the runoff. 

The watershed map can be completed after changes in normal surface 
watershed pattern are determined. Usually the natural watershed divides 
can be determined by field inspection and sketched on the aerial photo 
map. 

Profile and Cross Sections 


The original ground surface is profiled and cross sectioned in enough 
detail to divide the waterway into reaches of approximately uniform slope 
and shape. The designed cross section dimensions and elevation are super¬ 
imposed upon the original cross sections to determine the best adapted 
type of outlet, a balance between cut and fill dirt, and uniform non- 
erosive velocity. 


3. DESIGN 


Required Data for Design 

The following information is vised to design the waterway: 
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3. DESIGN (CONT»D) 

Required Data for Design (confd) 

1. Runoff^ determined from: 

(a) Watershed area in acres 

(b) Soil characteristics 

(c) Land treatment 

(d) Crops 

(e) Topography 

(f) 10-year frequency storm 

2. Slope (grade) of waterway. 

3. Permissible non-erosive velocity (selected from Figure 5.13). 

U. Vegetative retardance factor (see in narrative below). 

The tables of waterway dimensions. Figures 5.1 through 5.12, have been 
prepared from basic hydraulic data to eliminate time-consuming steps and 
calculations by field men. You will note the tables can be used for the 
design of the parabolic, trapezoidal, or triangular cross section. 

Non-Erosive Velocity of Flow 

The design of a waterway is the determination of channel dimensions so 
that the estimated flow will be discharged without damage to the channel 
or the lining. The lining considered here is vegetation, which can vary 
as to type and density. The speed (velocity) at which water can flow 
safely over each condition is a matter of test and experience. 

The prevailing range of velocity in use for design is from three to 
seven feet per second. Range of maximum permissible velocity will be 
determined by individual conditions: 

1. A velocity of three feet per second will apply to a poor type 
of sod where, because of climate or soil, only a sparse cover 
can be expected. 

2. A velocity of four feet per second should be used under normal 
conditions where the waterway is to be established by seeding. 

3. A velocity of five feet per second should be used only in areas 
where vigorous sod is quickly obtained or where water can be 
diverted out of waterway while seeding is being established. 

U. Velocities of six feet per second will be used only when vegetation 
of good quality is already established or where water can be 
diverted out of waterway while seeding is being established. 

5. Velocities of seven feet per second will be used only on established 
sod of excellent quality, and only under special circumstances which 
cannot be handled at a lower velocity. This condition will require 
special maintenance. 


3. DESIGN (COMTD) 


5-U 


Design Storm Frequency 

Waterways are constructed to discharge the flood flow estimated to 
occur once in 10 years. The cross section may be trapezoidal, triangular, 
or parabolic. The shape is dictated largely by the nature of the existing 
topography in the case of natural channels. 

Vegetative Retardance Factors 

All waterways should be designed in accordance with the principles 
established in the bulletin "Handbook of Channel Design for Soil and Water 
Conservation", SCS-TP-61. Figures 5.1 through 5.U, Trapezoidal Waterway 
Dimension Charts, Vegetative Retardance A, B, C, and D; Figures 5.5 
through 5.8, Parabolic Waterway Dimension Charts, Vegetative Retardance 
A, B, C, and D; and Figures 5.9 through 5.12, Triangular Waterway Dimension 
Charts, Vegetative Retardance A, B, C, and D, have been prepared in 
conformance with the general principles outlined in that bulletin. These 
tables simplify the determination of a waterway size for a given site 
condition, and generally can be used in lieu of the design procedure out¬ 
lined in SCS-TP-61, revised June, 195U. In designing grassed waterways, 
care should be taken to insure that the design velocity is well within the 
limits of the permissible velocities given in Figure 5.13*. The studies 
show that the coefficient "n" varies for different rates of flow for any 
one type of vegetation, A relationship is established between the coef¬ 
ficient "n" and the depth and velocity of flow for the types of vegetation 
studied. The relationship is shown clearly in Figure 5.1u*. This 
relationship is expressed as vegetative retardance and is designated by 
the letters "A* through "D". The conditions under which the various types 
of retardance apply are shown in Figure 5.15*. In view of the fact that 
most of the vegetation used in waterways does not exceed 2h Inches in 
height and is much shorter mary times during its life cycle, it is recom¬ 
mended that when designing the channel for stability a retardance not 
greater than "C" be used. After designing the channel for stability, it 
then must be designed to accommodate the peak flow under conditions where 
vegetation is at maximum growth, as this is the condition giving the 
highest coefficient of friction "n". The retardance used in this instance 
is the retardance factor assigned to the vegetation used, std in most 
cases is retardance "B". J 

The Waterway Drainage Channel Combination 

With Permanent Trickle Channel . Waterways, to be effective, must not 
be subjected to low flows of long duration or kept wet for long periods 
because of the existence of a high water table. A tile drainage system 
may be required to lower a high water table to the point where vegetation 
will stabilize the channel. Experiments are being conducted to determine 
the effectiveness of a small permanent type trickle channel constructed in 
the low point of a vegetated channel which will carry the low rates of 
flow and thus protect the vegetation so it can safely discharge the larger 
infrequent flows. The channel can be constructed of monolithic concrete 


*Taken from SCS-TP-61 
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Figure 5*2 (oont*d) 
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Example! Slope - 8.0%, d ■ 1.6* 

Find "t" A V for (J - H^cfs 
5/20 a .25 this is the proportional 
pert of increment between the 
respective discharges. 

■t" . 62 - 3* - 8 8 x .25 • 2* 

■t" . 54 / 2 . 56* 

• 2.79 - 2.78 . .01, .01 x .25 « .0025 fp« 

▼ . 2.78 / .0025 . 2.78 fps 
Find "t* 4 V for Q - 200ofs, d - 1.0*, Slope ■ 8.6* 
Slope 6.0* Slope 9.0* 

"t" .27* “t" . 2U* 

-T- . 6.15 fps . 6.09 fps 
For Slope'6.6*, a-27 - 24 - 3 

■ .6 x 3 ■ 1.8* 

"t* . 27 - l.a • 25 * 

v ■ 6.39 - 6.15 * 0.74 fps 
S .6 X ,7k a .46 fps 
▼ ■ 6.15 / a 6.61 fps 


d ■ design flow depth 
D a d/ 0.5* freeboard 
t m design top width from table 
T ■ t / 4 ■ construoted top width 
At D/U depth, the width is T/2 
At D/2 depth, Ihe width is 0.75T 
These are the points to be checked 
during oonstrootle® 

1/ Approaching Maximum Velocity 
7fps (arbitrary) 

2/ Approaohing Critioal Discharge 
3/ Maxi mu m Top Width (arbitrary) 
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Figure 5.5 (oont'd) 
























































Sheet 1 of 2 


PARABOLIC WATEHTAY DIMENSION CHART 


VEGETATIVE RETARDING E "B" 


1 

Q 

cfa 

Slope s 0.5JC 

Slope m 1,0% 

Slope a 2,0% 

Slope a 3*0^ 

Slope a k.0% 

Slope - 5*0^ 

da2.0* 

(U2.5 1 

d-3.o* 

d.3.5’ 

dal.5* 

da2.0' 

da2.5* 

dr5.o» 

d-1.5* 


d-2.5' 

d-3.o* 

15*2 



d.2.5* 

daO.8' 




03 


d-14*' 

dal .6' | 

* 

* 

* 

v 

t 

▼ 

□ 

B 

* 

i 

* 

V 

* 

T 

* 

GT 1 

* 

3 

D 

a 

a 

m 

1* 

* 


* 

* 


* 


* 

* 

B 

a 

B 

T 

t 

T 

* 

- 

t 

T 

* 

T 

* 


fl 

sa 

■ 

m 

B 

c 

E 

ES 

5 

.91* 

5 

.95 

Q 

E 

£ 

E 

E 

0 

fl 

m 

E 


5 

0 

B 


E 

0 

B 

m 

E 


B 


E 

2 

27 

B 

6 

2.06 

1* 

2.50 

B 

0 

21 

*69 

E 

0 


0 

E 

03 

■ 

20 

B 

B 

E 

33 

7 

1J*7 

6 

1.61 


B 


BB 

E 

^0 

B 


E 


6 

1 

IB 

0 J 

B 


B 

c 

B 


B 


B 

2 

54 


10 

2.50 

6 

3.1*6 

B 

0 

1*2 

.90 

E 

0 


30 

E 

03 


m 

21* 

B 


EB 

9 

1.76 

7 

1.90 


B 


0 j 

8 


E 

2.9l* 

B 

0 

7 


■ 

0 

E 

0 


m 

B 


B 


B 

4.29 

61 

E 

□ 

2.68 


30 

B 

U.33 

62 

.91 

n 

0 

8 

1*.23 

E 

20 


E3 

B 

B 

fl 

0 

B 

QQ 

8 



B 

E 

2.06 

9 

2.70 

6 

3.27 

B 

0 

9 

3J*9 

B 

MS| 

B 

5.oo 


E 

B 

0 


i*.55 

E 

1*.81 

108 

.69 


2.72 


2 S 


1*^9 

B 

.91 

15 

0 

10 

1*J*6 

7 

0 


m 

B 


m 

m 

fl 

S3 

9 

2J*2 

55 

E 

B 

|0 

10 

2.89 

7 

5.52 

21 

2.37 

B 

iB 

• 

1*^4 


5.31 

88 

.06 

n* 

fl 

E 

l*.9l* 

E 

!0 

135 

E 

m 






103 

.91 

18 


12 

0| 

E 

0 


E 

U5 

1.00 




|0 

10 

2.60 

66 

E 

B 


B 

0 

B 


25 

2.59 

E 


E 

0 

E 

0 

105 

.86 

16 

B 

E 

5.18 

B 

03 

162 

E 

m 

0 

B 

0 



124 

.91 

m 

0 

H* 

SE3 

B 

I^BI 


70 

52 

1.00 

m 

m 

B 


11 

2.75 

78 

E 

21* 

j |0 

B 

0 | 

m 

0 

29 

22 


s 

B 

2 Q 

B 

20 


B 

B 


B 

5.36 

7 

6.oo 

189 

.69 

□ 

03 

B 



30 

11*1* 

.91 

25 

3.50 

16 

4.79 

12 

5.57 


80 

60 

1.00 

m 

22 



12 

2.87 

89 

.90 

B 


B 

0 | 

10 

3.96 

31* 



ESS 


10 


01 


E 

fl 

0 C 

B 

5.51 

6 

0 

216 

.69 

m 

2.81* 

20 


fl 

0 

165 

.91 

fl 

ggj 

16 

1*.62 

fl 

5.68 


90 

67 

1.00 

m 

M 

B 


13 

2.97 

100 

.90 

B 


16 

3.30 

11 

1*.05 

B 

E 


|0 

E3 


B 

|0 

158 

.86 

23 

3.81* 

B 

5.68 

8 

6J*3 

21*3 

.69 

1*0 

2.S1* 

22 


16 

0 

185 

.91 

0 

0 

20 

4.85 

* 

5.70 


Eg 

B 



30 

B 


li* 

3.06 

m 

B 

B 


18 

3.36 

12 

1*.13 

B 

0 

E 

UI2 

E 

5.50 

8 

6.02 


B 

26 

3.84 

13 

5.67 

9 


270 

.69 

0 

2.85 


0 

18 

5.15 

206 

.91 



22 

4.e7 

B 

5.72 


□ 

B 


B 

[0 

B 

0| 

16 

3.17 


B 

B 

Efl 

B 

0 

ES 

0 



a 

1**39 

B 

^0 

10 

6.18 


B 

31 

5*81* 

15 

5.85 

11 

0 

321* 

.69 

B 

2.85 


0 

22 

5.15 

21*7 

.91 


|0 

27 


fl 

5.74 


Hrf) 

105 

1.00 

3 


26 

2.66 

18 

3.26 

m 

B 

B 

|0 

B 

OSS 



B 


21* 

4.47 

n* 

5.83 

B 


21*5 

.86 

36 

3.81* 

B 


fl 

B 

m 

B 

62 

2.e5 


0 

B 

5.15 

288 

.91 

50 

3*51 

31 

4.69 

fl 

02 


160 

1ZL 

1.00 

m 


29 

2.71* 

21 

3.31* 


E 

B 

0 

B 

BH 


ESS 



27 

1**52 

16 

5*99 

B 

0 

280 

.86 

1*2 

3.ei* 

fl 


B 

■ 

m 

B 

70 

2.85 



fl 

5.15 

rm 

.91 

57 

3.51 

35 

4.90 

B 

03 


m 

m 

0 

El 


33 

2.71* 

23 


m 

B 

B 

2.31 

31 

3.53 

20 

1**52 

B 


30 

1*.55 

18 

6.0U 

l4 

6.66 

315 

B 

1*7 

3.81* 

B 

6.06 



B 

B 

80 

2.85 


[0 

33 

0§ 



61* 

03 

39 

0| 

fl 

5.74 


200 

152 

1.00 



36 

2.76 

25 

0 

□ 

B 

65 

2.31 

B 


22 

1*.58 



33 

4.58 

20 

6.09 

15 

6.80 

E2 

B 

52 

3.81* 

25 

6.08 



B 

B 

88 

2.e5 


0 

37 

|0 


fl 

71 

3.52 

dm 


fl 

5.75 


21*0 

183 

1.00 


[0 

1*3 

2.82 

29 

5.50 

268 

.90 

78 

2.31 



26 

1**65 



59 

l*.6l 

23 



y 

B 

El 

B 


30 

6.10 

B 

B 

■ 

B 

105 

2.86 

B 

0 

1*1* 



■ 

85 

3.52 



fl 

5.75 




10 

fl 

30 

1*9 

2.86 

B 

3.51* 

0 

B 

91 

2.31 

1*7 

3.60 

30 

1*.69 

fl 


E 

22 

27 




B 

■ 

mm 


31* 

0 

fl 

fl 

B 

B 

121 

2.89 



fl 

01 



99 

3.53 



G 

0 



m 

S3 


2.02 

B 

2.87 

B 


E 

■ 

0 


53 

3.60 

31* 

1*.7U 

B 

2ja 

B 

0 

31 

6.25 



■ 

■ 


0 

B 

0 

B 

B 

B 

B 

138 

2.90 

1 


B 

10 



m 


B 


1 

03 


0 

E3 

33 

105 

2.05 

m 

2.89 

1*3 

3.59 

B 

■ 


2.31 

60 

3.60 

38 

i*.77 

0 

2.1*1 

59 

4.61 

35 

6.25 



B 

■ 



0 

6.1i* 



B 

■ 

151* 

2.91 

88 

S3 

B 

30 



0 

0 

B 

4.95 


M 


0 

ggj 



2.08 

m 

0 

1*8 

3.61 

fl 

B 


2.31 

67 

3.60 

E 


fl 

2J*1 

65 


E 

H 0 



■ 

■ 

0 

0 

0 

6.1i* 


B 

■ 

B 


2.92 

98 

1**36 

B 

^0 

m 


0 

0 

fl 

4.95 

1 

m 


BS 

m 



|0 

B 

SB 

B 


B 

■ 



0 


1*6 


fl 

ffflj 

72 

l*.6l 

1*3 

6.25 



fl 


115 

3.84 


6.11* 


B 

B 

B 


2.93 

109 

i*.36 


5.15 


■ 

155 


fl 

4.95 

0 



1*80 



B 

S3 

83 

2.90 

B 


B 

m 

156 

2.31 



50 

0 

fl 


79 

l*.6l 

1*7 

6.25 



B 

■ 

125 

3.81* 


6.11* 


■ 

i 

■ 


2.93 

119 

i*.36 

1 

5.15 


IE 

169 



4.96 

0 

H0 


530 

fl 


Qj 

31 

90 

2.90 

B 


■ 

■ 

169 

2.51 



B 

5 



B 


51 

6.25 



■ 

■ 

136 

3.81* 

0 

6.11* 


B 

■ 


9 

2.91* 

129 

0 

B 

^0 

■ 

■ 

B 

lgg 


4.96 

fl 

3Q 


Not ®i To interpolate on this chart use a 
•tralght line rmtio between the 
respective dischargee. Example 
Slope ■ 5.0^ d ■ 1.6* 

Find *t* A for Q ■ 370 ofa 
10/40 • .25 thia ia the proportional 
part of Increment between the 
reapeotl-ve dlaohargea. 
t - 65 - 59 - (6 x .25) / 59 - 61 
v . 5.76 - 5.76 . (0 x .25) / 5.76 . fpa 

Find "t" A V" for Q ■ 200 ofa 
Slope a 2.5*. d a 2.0' 

Slope Slope 2% 

t 25 t 33 
▼ 6.00 ▼ 4*58 

For Slope 2.5J*» t e 33 - 25 • 

8x.5 - 4/ 25- 29' 

t . 6.oe - U-50 - 1.50 x .5 • .75 / 4.58 . 


d ■ deaign floe depth 
Dad/ 0*5' freeboard 
T a t / 4 a oonatruoted top width 
t a deaign top width from table 
At D/1* depth, the width la T/2 
At D/2 depth, ttie width ia 0.75T 
Iheee are points to be oheokeo 
during construction. 

Remark** 1/ Approaching MetIm 

Velocity 7,fr« (arbitrary) 

2/ Approaching Critical 
Dlsoharga 

3/ Maximum Top Width 
(Arbitrary) 


5.33 fpa 


1 



Figure 5.6 
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PABABOLIC VEOETATH) CHAMEL 


Sheet ft of 2 


VEGETATIVE RETAHDANCE "B" 


Slops ■ 6.<J% 


da0.8* I del.O' 


d-lj*» d-l*6' daO.8 


Slope ■ 7.Q % I Slope «8.0jC 


d-1.2’ I daO.8* d^.9' dal.O* 


Slope ■ 9.0JC 


Slope ■ 10.< J% 


del.1* I da0.7* d*0.8* d*0.9* I d.1.0 
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Hotet To Interpolate on this ohart use 
a straight line ratio between the 
respeotlre discharges. Example 
Slope > 8.0 % t d b 1.0' 

Find "t" ft V for Q s 330 ofs 
10 / 1*0 e .25 this Is the proportional 
part of increment between the 
respective discharges. f 

"t" s 139 - 18t» - 15, .25 x 15 ■ 3.75 
t E 12 U f 3.75 « 126* 

T S 3.e9 - 3.09 - 0. V . 3.69 / 0 E 3.e9fps 
Find "t* ft for Q . 320 cfs, d . 1.0, Slope „ 
Slope B.OjE Slope 7*0^ 

t 121 +* t 156 * 

v 3.09 fp« » 3-12 fps 

For Slope b 7.5JC, * • 156 - 12t» • 32* 

t ■ .50 X 32* • 16 / 12ii E 1^’ 

▼ . 3.e9 - 3.12 . 0.75 

▼ . 0.75 x .5 - 0.375 t 5.12 . 


d b design flow depth 
D ■ 4t / 0.5* freeboard 
t b design top width from table 
Iit/i. constructed top width 
At D/1* depth the width Is T/2 
At D/2 depth the width Is 0.75T 
These are points to be checked 
during oonstruction. 

1/ Approaching maximum velocity 
7fps (arbitrary) 

2 / Approaching critical discharge 
3/ WaTlwnmi top width (arbitrary) 



Figure 5*6 (cont»d) 














































PARABOLIC WATERWAY DMRHSION CHART 
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To interpolate on this chart use a 
straight line ratio between the 
respective discharges. Example: 

Slope • 2% d • 1.2* 

Find t A v for Q • 113 ofs 
13/20 a .75 this is the proportional 
part of increment between the 
respective discharges. 

t . 37 - 31 s (6 x .75) / 31 « 36» 

> 4.09 - 4.08 - (.01 x .75) / 4.08 


Find "t" A *v* for Q c 100 ofe. Slope e 2,6%, A * 1.2* 
Slope s 3% Slope s 2% 
t m 23* t « 31 » 

v m 5 M3 fp« ▼ = 4.06 fps 

For Slope 2.6^, t s 31 - 23 = 8 x .6 B 4*6 / 23 s 27.8* 
V e 5.43 - 4.oe a 1.35 x .6 - .61 / 4.oe m 4.69 fpB 


d e design flow depth 
D ■ dt / 0.5* freeboard 
t a design top width from table 
T ■ t / 4 m o ore true ted top width 
At D/U depth the width Is T/2 
At D/2 depth the width is 0.75 T 
These are points to be checked 
during construction. 

Remarks: 1/ Approaching Maximum 
4.09 fps Velocity 7fpe (arbitrary) 


2/ Approaching Critical dieoharge 

3 ] MSTrimum top width 
(arbitrary) 
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Hotet To Interpolate on thia ofaert nee a 
rtnight line ratio h at — an the 
reapeotl— dieohergea. Example» 

Slope ■ 3.0%, d m 0*8* 

Find "d" * "r* for q » 290 afs 
10/hO m .25 thia la the proportional 
part of lnor—ant bet—un the 
respeeti— dieohergea 

t . 159 - 139 - (20 X ,25) / 139 e 144' Bn 

▼ ■ 3*76 - 3.78 * (0 x *25) / 3.78 ■ 3*78 fpa 
Find “t“ 4 V for ft . lfio ofa, Slope ■ J.7%, d - 0.7' 
Slope a 3% Slope * h% 
t a 113 ' t a 90 * 

▼ a 3.05 fpa ▼ ■ 3.82 fpa 
For Slope 3.7%, t a 113 - 90.23 

t « .7 * 23 ■ .16, 113 - 16 ■ 97' 

T . 3.82 - 3.05 - .77 
t . .7 x .77 . .54, 3.05 / .54 - 3.59 fp« 


d a design floe depth 
T a t / 4* s oonatraotad top width 
t a design top width fra table 
At DA depth, the width la T/2 
At 0/2 depth, the width ia 0.75T 
Baeae are points to be ohacked 
during oooatruotl on. 

B—arkei 1/ Approaching maxi Tara 

Telocity 7£paj.(arbitrary) 

2J Approaching oritioal 
dleaharge 

3/ Maxim— top width 
(arbitrary) 



Figaro 5.8 
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TRIAHOULAR MAKBIAY DOffiHSTOH CHART 



Hot® j 


To interpolate on thla chart use a 
straight lino ratio between the 
respective dischargee. Exaatple 
Slope a 1.5 % * ■ 3 
Find d 4 v for Q * 85 efs 
5/10 a .50 this is the proportional 
part of increment between tbs respec¬ 
tive discharges. , 

d . 3.55 - 3-U6 s fc07 x .50)/ 3J+8 . 3.52 

V . 2.38 - 2.20 - (48 X .50) / 2.20 . 2.29 fP a 

Find *d* 4 "V, Q . 00 ofs. Slope « 1.2* x . 3 
Slope ■ 1.0* Slope - 1.5* 
d . 3.90* . d • 3JiS* - 

▼ a 1.68 fp a v a 2.20 fp» 

For Slope 1.2*, d a 3.9B - 0.50* 

d ■ .50 x J 4 . • 0.20*. d . 3.98 • 
▼ a 2.20 - 1.68 a . 52 -i‘ps 

t - .52 x 1* - .21, 1.68 / .21 . 

Use soe eethod of Interpolation for ve lin a of 1 
those shown on the &art. 


d a design flow depth 
Dad/ 0.5* freeboard 
t a 2sd a design top width 
T a 2xD ■ con at mated top width 
Bead d 4 ▼ from table 

Canpute d 4 ▼ for oonstruoted dimensions 

Remarks 1 1 / Approaching Maximum 

Velooity 7fps' (arbitrary) 

2 / Approaohlng Critical 
Discharge 

2/ Max. depth (arbitrary) is* 0* 

* .20 a 3.78* 

1.69 fps, 
i be tween 



Figure 5.9 


5-19 





























triahgolar hatefhay dimensich chart 
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To Interpolate on this chart use a 
straight Una ratio between the 
respective dischargee. Example 
Slope ■ 2% z m 4 
Find d A ▼ fbr Q - 75 of* 

5/10 e .50 this is the proportional 
part of increment between the respec¬ 
tive discharges. 

d = 2Jk0 - 2.30 . (.10 x . 50 )/ 2.30 e 2j*u' 

V • 3*53 - 3*30 ,(.23 X . 50 )/ 3.30 a 3-43 fP B 

Find "d» A "t" Q ■ 180, * - 3. Slope . 1.3% 

Slope 1.5% Slope 2.0% 

d a 3*45 d ■ 3.30 

v - 5.04 t . 5.68 

Slope 1.3%, b . 3.45 - 3.30 - .15 

b . .15 x .6 a .09.3.45 - .09 a 3*36* 

▼ a 5.63 - 5.04 a 0.64 
V a .64 X .6 a 38 V B 5.04 / .3B a 5.42 fp« 

Use aane method of interpolation for the ualuea oft 
between those shown on this ohart* 


d a design flow depth 

Dad/ 0.5’ freeboard 

t a 2td a design top width 

T a 2xD a constructed top width 

Read d A t from table 

Ccknpute d A t for obstructed top width 

Rmrarks : 1 / Approaching Maximum 

Velocity 7fpa (arbitrary) 

2J Approaching Critical 
Msohargo 


l/» 


, depth (arbitrary) 4*0' 



i 


Figure 5 .10 
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TRIANGULAR WATERWAY DIMENSION CHART 


VEGETATIVE HBTARDANCE "C" 
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Kotei To interpolate on this chart use a d - desii 

straight line ratio between the d a d f ' 

respective dischargee. Example t a 2zd . 

Slope « 1.0 z = 3 T ■ 2tD : 

Find d A v for Q ■ 110 ofs Read d A 

10/20 a .50 this is the proportional Compute < 

part of Increment between the respec¬ 
tive diaohargea. Reumrks: 

d , 2.82 - 2.66 . (.16 x . 50 )/ 2.66 * 2.74' 

v . 5.02 - 4.71 ■ (.31 * .50)/ 4.71 a 4.36 fps 

Find •d" A %* for Q « 200 ofs, r s 4, Slope K lj^ 

Slope 1.0* Slope 2.0# 
d . 2.99* d * 2 . 76 * 

v . 5.59 f P* ▼ » 6.56 fpa 

For Slope 1.43 d - 2.99 - 2.76 a .23 

d . .23 x .3 a .13 d a 2.99 -IS * 2.31 
r . 6.56 - 5.59 - 0.97 

▼ a 0.97 X .3 a .78 V . 5.59 / .78 a 6.37 fps 
Use earn method of interpolating for the values of 1 
between those showi on this chart. 


d - design flow depth 
D ■ d f 0.5* freeboard 
t a 2zd - design top width 
T a 2tD a constructed top width 
Read d A v from table 

Compute d ft v for constructed top width 

Remarks: Approachin.r Maximum 

Velocity Tfps (arbitrary) 

2/ Approaching Critical 
Discharge 

3/ Max. depth (arbitrary) 4.0* 
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Figure 5.11 












































TRIANGULAR NATEJWAY DIMENSION CHART 



3.11 3.61 2.66 5.29 240 3.03 3.66 5.32 2.71 U.76 2.31 U.37 2.06 

5.24 3.30 2.77 3.47 2.50 5.20 5.32 543 2.83 4.99 2.U1 4.58 
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349 4.10 2.96 3.75 2.69 345 2/ 3.05 5.37 2.59 4.96 
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349 4.10 2.96 3-75 2.69 345 

3.71 4.35 3.16 4.00 2.35 3.69 
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5/ 548 44o 5.15 4.oe 
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3.99 i5.oe 5.59 4.65 
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Note: To Interpolate on tbd.« chert uee e 
straight line ratio be t ween the 
respective dischargee. Example 
Slope 9 1.5 1 m 3 
Find d 1 t for Q a 95 ofs 
5/10 ■ .50 thia i« the proportional 
part of increment between the respec¬ 
tive dieohargee. 

d W 2.58 - 2.30 ■ (.08 X . 50 );* 2.30 E 2.34' 

▼ a 5.e8 - 5.67 a (.21 x .5C» / 5.67 a 5.76 fps 

Find "d* & V for Q « 100 ofe. Slope s 1.3* * • 4' 
Slope . 1.0* Slope * 1.5* 

d « 2.34' d . 2.4* 

v m 4.56 f P« v m 545 fps 

For Slope 1.3* d • 2.34 -2.4 e .20 

d . .20 x .6 . .12. d . 2.34 - .12 - 2, 

▼ . 545 - U.56 . .89 

T a .89 I .6 e .53* V e 4.56 / .53 2 5« 
Coe same method of interpolation for values of c betm 
ttose shewn on the chart. 




3.26 

6.27 

348 

6.60 

3.67 

6.92 


V 













1.72 

3.38 

2.11 

U49 

240 

5.21 

2 .6U 

5.7U 

2.85 

6.16 

3.03 

6.54 

3.19 

6.08 


V 
































1.91 548 

y 


II 


■I 

■I 


d m design flow depth 
Dad/ 0.5* freeboard 
t m 2zd a design top width 
T m 2»D constructed top width 
Read d A v fr*w table 

Compute d & t for constructed top width 

Remarks * 1/ Approaching Maximum 

yeloqity 7 fps (arbitrary) 

2/ Approaching Critical 
Discharge 

3 / Rex. depth (arbitrary) 4.0* 















































Permissible Velocities for Channels Lined With Vegetation 1 / 


The Values Apply to Average, Uniform Stands of Each Type of Cover 




— 

Slope . 
range Z! 

Permissible velocity 

Cover 


Erosion re¬ 
sistant soils 

Easily 
eroded soils 



Percent 

Ft. per sec. 

Ft. per sec. 



0-5 

8 

6 

Bermudagrass 

L. 

5-10 
over 10 

7 

5 

r 

6 

h 

Buffalograss 


0-5 

7 

5 

Kentucky bluegrass 
Smooth brome 


5-10 
over 10 

6 

k 

.. 

5 

3 

Blue grama 

1. 




Grass mixture 1 

J 

L . 

2/0-5 

5 

h 

r 

5-io 

U 

3 

Lespedeza sericea 
Weeping lovegrass 
Yellow bluestem 


3/ 0-5 

3.5 

2.5 

Kudzu 

Alfalfa 

Crabgrass . ' 

Common lespedeza z' \ 
Sudangrass k/ j 

L. 

UN 

1 

O 

tAl 



3.5 

2.5 

r 


1/ Use velocities exceeding 5 feet per second only where good covers and 
” proper maintenance can be obtained. 

2/ Do not use on slopes steeper than 10 percent except for side slopes in 
” a combination channel. 

3/ Do not use on slopes steeper than 5 percent except for side slopes in 
” a combination channel. 

k/ Annuals—used on mild slopes or as temporary protection until permanent 
” covers are established. 

5/ Use on slopes steeper than 5 percent is not recommended. 


Figure 5.13 









MANNINGS 



.1 .2 .3 .4 .5 .6 .8 I 2 3 4 5 6 8 10 20 


VR , PRODUCT OF VELOCITY AND HYDRAULIC RADIUS 
MANNING'S "n" RELATED TO VELOCITY, HYDRAULIC RADIUS, AND VEGETAL RETARDANCE. 

Fig. 5.1U 
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c 

Classification of Vegetation Covers as to Degree of Retardance 

Notes Covers Classified Have Been Tested in Experimental Channels. 
Covers Were Green and Generally Uniform. 


W 



Retar¬ 

dance 


Cover 


Condition 


A 


{ 


Weeping lovegrass........ 

Yellow bl tie stem Ischaemum 


Excellent stand, tall (average 30 inches) 
Excellent stand, tall (average 36 inches) 


B < 


Kudzu 

Bermudagrass 
Native grass mixture 
(little bluestem, blue 
grama, and other long 
and short midwest 

grasses)... 

Weeping lovegrass.. 

Lespedeza sericea........ 


Alfalfa. 

Weeping lovegrass 

Kudzu. 

Blue grama. 


Very dense growth, uncut 

Good stand, tall (average 12 inches) 


Good stand, unmowed 
Good stand, tall (average 21* inches) 
Good stand, not woody, tall (average 
19 inches) 

Good stand, uncut (average 11 inches) 
Good stand, mowed (average 13 inches) 
Dense growth, uncut 
Good stand, uncut (average 13 inches) 


C < 


Crabgrass... 

Bermudagrass.. 

Common lespedeza...,.,.. 
Grass-legume mixture— 
summer (orchard grass, 
redtop, Italian rye¬ 
grass, and common 
lespedeza............. 

Centipedegrass... 

Kentucky bluegrass,..... 


Fair stand, uncut (10 to 1*8 inches) 
Good stand, mowed (average 6 inches) 
Good stand, uncut (average 11 inches) 


Good stand, uncut (6 to 8 inches) 
Very dense cover (average 6 inches) 
Good stand, headed (6 to 12 inches) 


Bermudagrass...., 
Common lespedeza 


D < 


Buffalograss.. 

Grass-legume mixture- 
fall, spring (Orchard- 
grass, redtop, Italian 
ryegrass, and common 

lespedeza).. 

Lespedeza sericea....... 


Good stand, cut to 2.5-inch height 
Excellent stand, uncut (average 1*.5 
inches) 

Good stand, uncut (3 to 6 inches) 


Good stand, uncut (1* to 5 inches) 
After cutting to 2-inch height. Very 
good stand before cutting. 


{ Bermudagrass, 
Bermudagrass 


Good stand, cut to 1.5-inch height 
Burned stubble. 


Figure 5.15 
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3. DESIGN (OONT'D) 

The Waterway Drainage Channel Combination (cont'd) 

With Permanent Trickle Channel (cont*d) 

or one-half round pipe. Such a channel normally is designed to take a 
minimum of 25# of the 10-year frequency peak flow. This type of control, 
which combines vegetation with permanent materials to form a channel, 
should be adapted in those sections where the slope reaches the point that 
vegetation alone cannot be considered safe. 

With Tile Drain. Tile drainage of waterways is essential where water- 
ways tend to be wet and in areas where tile is recommended generally. Tile 
drainage also may be needed in some well-drained soils where seepage occurs 
in the waterway. A well-drained waterway is essential to permit the most 
economical operation of the field and to prevent damage to the waterway 
when crossing it with equipment. 

Broken tile in waterways must be repaired. In some cases, it may be 
necessary to abandon old tile because of poor conditions or because of 
inadequate depth. New tile should be laid immediately following grading 
of the watercourse. Tile lines should be laid to one side of the water¬ 
course at sufficient depth so that ary laterals will have a minimum cover 
of 2.5 feet at the low point in the waterway. Tile lines should outlet 
at a permanent structure or by use of corrugated pipe, as illustrated by 
Figure 5.16. This should be provided where the water disposal system 
changes from tile and a broad shallow vegetated watercourse to an open 
drainage ditch. 

When plans for sub-drainage are completed, actual work on grading of 
the watercourse is ready to start. 

With Open Ditch Drainage . For waterways on flat slopes of 0.5# or less 
grade, the use of a drainage ditch located along the center line of the 
waterway is effective in carrying the extended drainage flow estimated from 
the appropriate drainage curve. The waterway is designed large enough to 
carry estimated 10-year peak discharge rate. The drainage ditch prevents 
meander channels and maintains better velocity of the low flows of long 
duration. 

Sloping of Overfalls in Grassed Waterways 

Often an overfall exists in or at the end of a natural waterway where 
it enters a main channel. When such a condition occurs, a sloping vegetated 
channel can be constructed at the point of overfall if the drop is within 
the limits that will permit a safe slope to be established for a reasonable 
amount of excavation. Because of the steep grades that are encountered, 
the channel is required to carry water at a very low depth to keep the 
velocity within safe limits. It is not practical to construct vegetated 
channels on steep grades to widths greater than 30 to 2*0 feet because of 



r 


c 



Transition from tile drain to open ditch 
using corrugated metal pipe to prevent 
displacement of the end joints of tile. 



CORRUGATED METAL PIPE OUTLET ON DRAIN TILE 


Fig. $.16 


LZ~$ 




3. DESIGN (CONT'D) 


Sloping of Overfalls in Grassed Waterways (confd) 

the problems involved in maintaining good flow distribution throughout 
the cross section. Waterways wider than 35 feet may be constructed with 
dividers which have about O.U feet effective height. In this way, a wide 
waterway is divided into multiple channels of equal width not greater than 
35 feet. For larger drainage areas and adverse site conditions, grade 
control structures may need to be considered. 

U. LAYOUT 

Staking for Waterway Shaping 

The width of the waterway is staked before construction to show the 
lateral limits of shaping. Staking length of the waterway is particularly 
important at the upper end to assure that shaping reaches far enough up 
the slope to receive outflow from all planned terraces or diversions. 
Staking the lower end of the waterway all the way down to a stable water¬ 
course is important, also. 

Adequate stakes will be set to define construction limits. Alignment 
should be adjusted to eliminate abrupt changes in width and sharp curves. 
The minimum radius of the inside curve of a waterway shall not be less 
than 50 feet. 


5. CONSTRUCTION 


Waterway Shaping 

With Farm Equipment . Many excellent waterways have been prepared 
using only a plow, disk and harrow. These tools work best when it is 
possible to drive a tractor anywhere over the waterway area without 
danger of overturning the tractor. 

As the size of the waterway increases, the greater is the advantage of 
additional tools and equipment. A manure loader or similar tractor-mounted 
farm equipment may be used to advantage to slope steep banks by pushing in 
dirt from the top. When sloping is done from the top, care must be taken 
to secure compaction of the loose fill material. Not more than 8-12 inches 
of loose material should be allowed to accumulate before compaction is 
accomplished. Then sloping can be resumed and the process repeated until 
completed. It is desirable, also, to fill some low places and cut into 
banks and ridges to improve both grade and alignment; the Fresno or roll¬ 
over scraper and manure loader can be used to advantage. 

With Heavy Grading Equipment. Motor graders can be used in working in 
and completing the grading. l The highway auto patrol grader is excellent 
equipment for all kinds of waterway work. On large, deep, and irregular 
watercourses, the track tractor with bulldozer can be the most economical 
type of equipment. Construction methods are illustrated by Figures 5.17 
through 5.22. 



CONSTRUCTION OF VEGETATED OUTLETS 
AND WATERWAYS 
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MOTOR PATROL AND BULL 
DOZER SHAPING NATURAL 
WATER COURSE INTO WATERWAY 


CLEARING TREES AND 
SHAPING PARABOLIC CROSS 
SECTION - DOZER AND PATROL 



SHAPING GULLY ABOVE DROP SCRAPER AND DOZER SHAPING 

INLET STRUCTURE WITH DOZER AND STRAIGHTENING WATERWAY 


Pig. 5J.7 
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CONSTRUCTION OF VEGETATED OUTLETS 
AND WATERWAYS 



NEWLY BUILT WATERWAY WITH 
LEVEES TO PROTECT GRASS 
SEEDING TEMPORARILY 


DOZER SHAPED WATERWAY LEADING 
TO COMPLETED GRADE 
STABILIZATION STRUCTURE 



DOZER SHAPING A WATERWAY 
SEEDED 10 YEAR AGO 
WITHOUT BEING SHAPED 


DEEP GULLY HAS BEEN 
SHAPED INTO A WATER¬ 
WAY AND SEEDED 


Pig. 5.18 



CONSTRUCTION OF VEGETATED OUTLETS 
AND WATERWAYS 
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GULLY BEFORE SHAPING 
DIVIDES THE FARM 


WATERWAY AFTER SHAPING 
WITH DOZER AND PATROL 
READY FOR COVER CROP 
SEEDING 



ESTABLISHED WATERWAY WITH 
DIVIDERS TO GIVE BETTER 
FLOW DISTRIBUTION 


DEEP GULLY ABOVE GRADE 
CONTROL STRUCTURE BEING 
SHAPED WITH BULL DOZER 


Fig. 5*19 





WASTELAND GULLY BEFORE 
WATERWAY SHAPING 


COMPLETED WATERWAY AFTER 
SEEDING WILL PRODUCE 
HAY AND GRASS SEED 



CONSTRUCTION OF VEGETATED OUTLETS 
AND WATERWAYS 
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COMPLETED WATERWAY 
READY FOR MULCHING 
BEFORE SEEDING 


SPREADING STRAW OR 
HAY MULCH WITH THE 
MANURE SPREADER 



SINGLE DISC WEIGHTED PUNCHING HAY MULCH INTO 

FOR MULCH ANCHORING SOIL AFTER SEEDING 


Fig. 5*21 


CONSTRUCTION OF VEGETATED OUTLETS 
AND WATERWAYS 




DRILLING CORN FOR COVER 
CROP PREPARATORY TO 
SEEDING GRASSES 


SPREADING STRAW MULCH 
ON THE NEWLY SEEDED 
GRASS WATERWAY 



PACKING THE SEED BED AND BUILDING A BERM TO PROTECT 

MULCH ON NEWLY SEEDED NEW GRASS SEEDING UNTIL 

GRASS WATERWAY SOD IS ESTABLISHED 



$. CONSTRUCTION (CONT»D) 




Saving the Topsoil 

In extreme cases of poor and. infertile soil areas, it may be desirable 
first to remove the remaining topsoil and work it away from the waterway 
area, then grade in the watercourse, and later bring back the topsoil as 
a covering for the waterway. This is difficult and expensive but may be 
necessary to establish vegetation. 

Establishing Vegetation 

Success of a vegetated waterway will depend on obtaining physical 
conditions favorable to growth and maintenance of the vegetative cover. 

All agronomy practices that apply in establishing vegetation on a field 
need special emphasis when applied to the watercourse because the sod 
must withstand the additional hazard of flowing water. The determination 
of waterway dimensions based on proper design will reduce this hazard to 
an economical minimum. 

Also of major importance for the successful establishment and mainte¬ 
nance of a vegetated waterway is the conservation treatment in the watershed. 
The better the erosion control effected in the watershed, the less the 
silting problem in the waterway. When a gully occurs in a waterway that 
is selected to serve as a part of the water disposal system, it is filled 
in by plowing or blading in the banks and moving enough earth to secure 
either a trapezoidal or parabolic cross section. All trash Should be 
removed prior to filling operations. While the alignment of a natural 
waterway is governed by topography, sharp curves Should be flattened. All 
fill material should be compacted as much as is practical with the equip¬ 
ment available to reduce erosion during the period of establishment of 
vegetation and provide a good seed bed. 

The success of a vegetated waterway will depend on the proper shaping 
and preparation to produce conditions favorable to vegetative growth. 

Since vegetation is subject to deterioration through abuse and unfavorable 
seasons, it is necessary to provide maintenance, also. Between the time 
of seeding and actual establishment, a watercourse is unprotected and 
subject to considerable damage unless special protection is provided. 
Therefore, it is important to protect the waterway with temporary measures 
such as cover crops and levees to control runoff water. 

The application of 2 to 3 tons per acre of mulch over the seeded 
waterway in the form of native hay, tame hay, or straw, is a good invest¬ 
ment toward the establishment of a stand of grass. The mulch should be 
anchored against wind and water removal with a disk set straight, notched 
coulters, or other machines which tend to punch the mulch partially into 
the ground. 

The advance growth of a cover crop, such as Sudan grass or other 
sorghums, is excellent practice in preparation for seeding native grasses. 
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5. CONSTRUCTION (CONT'D) 


Establishing Vegetation {cont*d) 

Heavy applications of manure on waterway seedings help serve the 
purpose of mulch, provide needed organic matter for improved soil 
structure, and supplies needed plant food. 

6. MAINTENANCE 


Adequate maintenance of vegetated waterways may involve the 
following: 

1. Damaged areas or trickle channels must be repaired promptly 
with added dirt, seed, sod, mulch, fertilizer, manure, etc. 

2. Must be mowed once or twice a year at H-6 inch height, 
vising care not to expose young seedlings to intense heat 
and sunlight. 

3. Fertility must be maintained with barnyard manure or 
nitrogen fertilizer. 

1*. Tillage operations must be performed at approximate right 
angles to waterways. Tillage tools should be lifted to 
avoid damage to waterways. 

5. The waterway must not be used for a driveway, lane, or road. 

6. Levees must be removed promptly when grass is well established, 
and the terrace water cut in. 

7. EQUIPMENT 


The important farm machinery needed to maintain and properly use 
vegetated waterways includes a mower and power lift tillage tools. A 
manure spreader, grass seeding equipment, and a mulch anchoring tool 
are very useful implements. 
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PART 6 

DIVERSION DITCHES 
1. GENERAL 


Definition 

A diversion ditch is a channel on a predetermined grade with supporting 
ridge on the lower side, constructed for the purpose of intercepting runoff 
and conducting it at a safe velocity to a protected outlet or water¬ 
spreading area. 


Purposes of diversions may include but are not limited to the following: 

(1) To minimize erosion and protect cropland from the runoff 
of adjoining land. 

(2) To divert water into a pond or grade stabilization structure. 

(3) To divert water away from the head of an active gully or 
roadside ditch. 

(U) To divert water to an area where it can be spread to 
increase the vegetation. 

Applicable State Laws 

Consideration must be given to state laws which govern the diversion 
of water when planning, designing, or installing diversion ditches. 

2. PLANNING 


Location 


Diversions must be located where they will perform the desired function. 
The upper end of the diversion must intercept the flow of water at the 
desired location and the lower end must discharge in a channel or area 
that is capable of carrying the additional water without erosion. Sus¬ 
ceptibility to sedimentation from above must be considered, also. The 
greatest cause of failure of diversions is sediment washing into the 
channel of the diversion. Velocities in diversion ditches usually should 
be as high as can be safely allowed. 

Velocity Limitations 

Relatively high velocities maintain the capacity of the channel and 
reduce the danger of obstruction from sedimentation. Too high velocities 
will cause erosion. Ordinarily safe velocities are as follows: 
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2. PLANNING (CONT'D) 
Velocity Limitations (cont'd) 


Bare channels after aging 


Non-colloidal sandy or silt loam 

1.5 - 

3.0 

fps 

Ordinary loam 

2.5 - 

3.5 

fps 

Colloidal clay 

3.0 - 

5.0 

fps 

Fine gravel 

2.5 - 

5.0 

fps 

Coarse gravel 

U.O - 

6.0 

fps 

Cobbles, shales, and hardpans 

5.0 - 

6.5 

fps 

Poor channel vegetation 

2.5 - 

3.5 

fps 

Fair channel vegetation 

3.5 - 

U.5 

fps 

Good channel vegetation 

U.5 - 

5.0 

fps 


In general, waters carrying colloidal silts are a little less erosive 
than clear waters or waters carrying non-colloidal silts or gravel. 

Capacity 

The size of the diversion channel is determined primarily by the 
estimated peak flow from the drainage being diverted. Capacities of 
diversion channels may be computed by Manning's Formula or taken from 
hydraulic or design tables. Expected peak flows are computed as shown 
in Part 3 of this handbook. The peak flow for determining capacity shall 
be equal to or greater than that for a ten-year frequency storm. Channel 
width, depth, grade, and resulting velocities are determined for peak 
flows from the charts in Figures 6.1 through 6.l8j these capacities are 
based on Manning's Formula. On long diversions, the size is often 
designed by reaches and the diversion dimensions are based upon the 
expected peak flow from the drainage into each reach, 

3. CONSTRUCTION 

Power equipment such as road patrols, graders, dozers and terracers 
usually are used in building diversions. Care must be taken to build the 
diversion exactly as planned since failure to do so will result in changes 
in capacity and possible over-topping of the diversion. Diversions for 
water-spreading on range land often are constructed with the excavated 
earth placed on the downhill side of the channel where it intercepts and 
on the uphill side of the channel in the spreading area. 

U. MAINTENANCE 

The most difficult problem in maintaining diversions is usually that 
of removal of silt. Excessive channel silting generally indicates 
inadequate vegetative cover on the watershed. Rodent holes and breaks 
should be repaired promptly. 


5. DIMENSIONS 
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Capacity 

Determine the capacity by use of figures on pages 6.4 to 6.21. 

The following figures are based on SCS-TP-61 - Retardance "C" and "D": 

(1) Channel Grades - 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8 and 1.0$. 

(2) Side Slopes - 2:1, 3:1> 4:1, and 6:1. 

(3) Bottom Widths - 4, 6, 8, 10, 12, 14, 16 and 18 feet. 

Ehcample for use of figures: 

Determine the capacity of a diversion having the following 
dimensions and built on a two percent land slope. Vegetation 
in the channel will be maintained at a "D" retardance condition. 

(1) Bottom width - 12 feet 

(2) Side slopes - 3:1 

(3) Diversion Grade - 0.5* per 100' 

(4) Depth of flow - 2.7 feet 


Diversion to be constructed as a balanced cut-fill section with 
cut-fill ratio 1.25:1.00. 



12 * 

From figure page 6-15: Q = 265 cfs (in channel flow) 

From figure page 6-20.1: "R" for out of channel flow = .76. 


Then from figure page 6-21 for "R" of .76, 

Cross section area = 19*8, and Velocity = 1.6. 

Therefore, Q = 1.6 x 19-8 or Q = 31*7 - Out of channel flow 
Total Capacity = 265 + 32 = 297 cfs. 

The out of channel flow is calculated to a point where depth of flow 
equals 0.5 ft. Velocity for depths less than this become so low that 
the capacity is negligible. It is recognized that technically the 
hydraulic radius of the channel would be calculated to the point where 
the cut leaves the ground line. However this small triangle has very 
little affect on the average velocity of the entire channel. The above 
procedure a]lows for a double calculation of the small shaded triangle 
and this compensates for the slight increase of velocity within this area. 
The procedure above gives as near an exact capacity as can be obtained 
through any method of calculation. 
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Figure 6.1 — Velocity in ft. per sec. shown as follows: “1_( ) 
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Figure 6.2 — Velocity in ft. per sec. shown as follows 
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Figure 6.3 — Velocity in ft. per sec. shown as follows: 
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Figure 6.6 — Velocity in ft. per sec. shown as follows: 1 ( ) 
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Figure 6.9 — Velocity in ft. per sec. shown as follows 
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Figure 6.14 — Velocity in ft. per sec. shown as follows: j_( ) 


T5.0) 


S? 

3 













CAPACITY OF TRAPEZOIDAL DIVERSION DITCHES 
"D" Retardance 


( 2 . 0 ) 


(3-0) 


3 & 



— 



ggifBBWit Ji":i" — 

0.l4 



Flow 




Channel Grade - 

0.2<£ 


-1 


Bottom Width in Feet 

Depth 

Bottom Width in Feet 


ITT 



8 

i IQ 

* 12 

1 14 

'16 1 

JSi 


3»7 

16 

\ 

14 

1 12 

10 

1^ 8 

l, , ,6 1 

4 


1 

2 

7 

*4* 

1 6 

8 

1 10 

man 

14 

1.1 

26 lL 

23 

} 

20 

1 18 

15 

1 12 

] 9 1 

<D 

(0.5)_ 

6 1 

8 

jJ 

10 

1 13 

15 

1 H 

• 20 | 

22 

1-3 

^ I 

36 


32 

1 28 

21 r 


16 1 

12 


10 1 

13 

1 

16 

1 20 

23 

i 26 

L30 | 

33 

1.5 

58 

53 

1 

47 

1 

36 

3° 

nriL 

20 


16 1 

20 

1 

24 

1 29 

34 

38 

jj to) 1 

48 

1.7 

82 1 

74 

1 

67 

1 59 

51 

i 44 

37 1 

30 


24 i 

2g_ 

_!f 

35 

1 41 

pf 

53 

1 59 

65 

1.9 


99 

4- 

89 

1 80 

70 

1 61 

52 

43 

fi n\__ 

34 if 

4o 

l 

48 

I 55 

62 

1 70 

1 77 1 

85 

2.1 

139 | 

127 


115 

>104 

92 

| 80 

69 

58 

mu 

^5T 

53 

1 

62 

1 71 

80 

1 90 

1 98 <1108 

2-3 

174 | 

160 

t 

146 

T 132 

118 

TloTl 

90 1 

76 

■ 

58 1 

68 

L 

79 

1 90 

1 101 

j|H2 

1 123 1 

134 

2.5 

213 , 

196 

1 

180 

1 163 1 

147 

130 

1 H3 LL 

97 

■ 

73 1 

86 

_J 

98 

111 

! 124 

1 137 

, 150 | 

163 

2.7 

256 

237 

1 

218 

1 198 1 

179 

160 

1 140 1 

121 


90 i| 105 

T 

120 

135 

150 

165 

1 180 , 

195 

2.9 

303 ! 

281 

1 

259 

1 237 1 

215 

193 

1 171 1 

149 


JLQ9 * 

127 

1 

Jjfc4_ 

1 JLfiL. 

Ll&. 

1 105 

H'Ikhi 

■HI 


_ 1*1 _ 

354 l 

-329 

r 

Z3QE 

|i 280 1 

1 255 

L22Q - 

LgQS-L 

■Ifc... 


£ 

£ 


<i.o) 


■( 2 . 0 ) 





Channel Grade - 

is: 



Flow 

Depth 




Bottcn 




_ _ Channel Grade - 0.4£ 

4 1 

6 

8 1 

10 

12 

1 14 

IS - 

18 

TS 1 

16 t 

CVI 

H 

H 

10 1 


6 

4 

(-\ A Y 

9 1 

131 

\mm 

wm 

HgJ 

IK1 


36 

1.1 

45 1 

4o 1 

3 6 1 

31 

26 i 

22 

17 

12 ‘ 


Hi] 

m£M 

mm 

II 


HSI 


Kl 

1.3 


man 

56 1 

49 l 

42 1 

35 

28 

21 


Wen 

Ml 

■hi 

E9 



■HU 

1-5 

99 , 

89 1 

80 | 

“ion 

6TT 

521 

43 

33 


WEm 

K*S 

MSM \ 

70 

80 

1 90 

100 | 

no 

1-7 

133 

121 1 

109 | 

971 

85 1 

73 

61 

55 


mm 

^81 

80 I 

93 

105 

1 118 

130 1 

143 

1.9 

172 

157U 

142 , 

127, 

112 1 

98 

83 

68 


741 

90 1 

105 , 

120 

135 

1 150 

165 1 

180 

2.1 

216 

! ? 8 , 

180 

162 

144 11 126 

108 

91] 


97, 

115 1 

133 , 

151 

168 

1186 


222 

2.3 

265 

244 , 

223 

202 1 

181 , 

160 

139 ll 118 | 


124 

145 i 

165 1 

186 l| 207 

1227 

V 248 , 

269 

2.5 

320 

295 

271 1 

246 1 

222 . 

197 

173 

149 


155 1 

178 i| 202 1 

226 | 

249 

1273 

297 

321 

2.7 

380 

352 1 

32411 296 | 

268 

240 

212 

184 


189 1 216 1 

243 l 

270 | 

297 

324 

351 1 

378 

2.9 

446 1 

4l4 1 

382 

350 Ij 

318 | 

286 

254 

223 


w&zm 


287 I 

-3iLi 

_J&L 

„i 1781 

1 1<09 1 

440 

3.1 

. 5 &. 1 

482 1 

446 1 

410 1 

...iiLl 

_£ 0 _. 

302 

267 


(too) 


< 2 . 0 ) 


<3-0) 


Figure 6.15 — Velocity in ft. per sec. shown as follows: |_( ) 
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Figure 6.16 — Velocity in ft. per sec. shown as follows: ]_( ) 
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WITH GIVEN BOTTOM WIDTHS AND CHANNEL SLOW DEPTHS 



♦-Based on only that portion of out of channel flow where flow depth is 0.5 

feet or greater and balanced cut-fill diversion cross-section. Cut-f ill 
balance ratio— 1 . 25 : 1.00 
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9.0 

1.2 

10.3 

1.1 

11.5 

1.1 

12.7 

1.0 

13.9 

1.0 

1 U .9 

0.9 

15.9 

0.8 

16.6 

2.6 

1.5 

10.0 

1.3 

11 .U 

1.2 

12.8 

1.2 

1 U .1 


15 . U 

1.0 

16.5 

1.0 

17.5 

0.9 

18 . U 

"278 - 

” 176 “' 

■ T 171 " 

" 175 "' 

" 7275 " 

T.7” 

” 131.1 

“ 1.7' 

• 1575 ” 

” 7.7 " 

‘ 7679 " 

" 7.7 * 

’ 7871 " 

~ 7.7 " 

* 7972 ” 

” 7.75 ’ 

“ 275.7 

3.0 

1.7 

12.3 

1.6 

13.9 

i.U 

15.5 

i.U 

17.0 

1.3 

18.5 

1.2 

19.8 

1.2 

21.0 

1.1 

22.1 

3.2 

1.8 

13.5 

1.7 

15.2 

1.5 

16.9 

1.5 

18.5 

I.U , 

20.1 

1.3 

21.5 

1.2 

2 ST .8 

1.2 

2 U .0 

“ 37 U 

“ 179 “' 

" 11 : 78 “ 

" 178 “' 

" TCr 

7 . 3 ” 

“ lB.i 

■ 7 . 3 - 

’ 7 o 7 l " 

” 7.7" 

■■ 2178 “ 

“7.7T 

' 2373 “ 

“7.3‘ 

’ 2 U 7 r 

”7.7“ 

”25.75 

3.6 

2.0 

16.1 

1.9 

18.0 

1.7 

19.9 

1.7 

21.7 

1.6 

23.5 

1.5 

25.0 

i.U 

26.5 

1.3 

28.0 

3.8 

2.1 

17.5 

2.0 

19.5 

1.8 

21.5 

1.8 

23 . U 

1.7 

25.3 

1.6 


1.5 

28.5 

1 .U 

30.1 

U .0 

2.2 

18.9 

2.1 

21.1 

1.9 

23.2 

1.9 

25.2 

1.8 

27.1 

1.7 

28.9 

1.6 

30.6 

1.5 

32.3 


25? Land Slope 


1.6 

1.0 

5.6 

ES9 

6.5 

0.8 


0.8 

8.3 

0.7 

9.1 

0.7 

9.8 

0.6 

10.5 

ESI 

11.2 

1.8 

1.1 

6.5 

mmam 

7.5 



0.8 

9.5 

0.8 

10.5 

0.7 

11.3 

0.7 

12.1 

ESI 

12.8 

2.0 

1.2 

7 .U 

mm 

8.6 

1.0 


0.9 

10.8 

0.9 

11.9 

0.8 

12.8 

0.8 

13.7 

0.8 

1 U .5 

2.2 

1.3 

8 .U 

1.2 

9.7 

T.T 

10.9 

1.0 

* 2.1 

“ 1.0 " 

13.3 

0.9 

1 U .3 

r 0.9 ' 

15.3 

r 0.8 

” 16.2 

2 .U 

I.U 

9.5 

1.3 

10.9 

1.2 

12.2 

1.1 

13.5 

1.1 

iu .8 

1.0 

15.9 

1.0 

17.0 

0.9 

18.0 

2.6 

1.5 

10.6 

I.U 

12.1 

1.3 

13.5 

1.2 

15.0 

1.2 

16 . U 

1.1 

17.6 

1.0 

18.7 

1.0 

19.9 

”278 - 

" 175 " 

’ 7 l 78 " 

“ 175 "' 

’ 757 U “ 

7.7“ 

“ 17.7 

“ 7 . 7 ' 

‘ 7675 " 

■7.3- 

’ 7870 " 

”7.7- 

■ 7 ^ 73 “ 

"7.7' 

■307ST 

“7.7“ 

"2I.B 

3.0 

1.7 

13.0 

1.6 

1 U .7 

1.5 

16.3 

i.U 

18.0 

1.3 

19.6 

1.3 

21.0 

1.2 

22.3 

1.2 

23.7 

3.2 

1.9 

1 U .2 

’ 7575 “ 

1.7 

16.0 
‘ T ? 7 U “ 

1.6 

7.7“ 

17.8 

“17.7 

L J 

“7.5- 

19.6 

-H- 

21.3 

l_ 1.7 
“ 7 . 3 - 

22.8 

■ 2 U 7 <T 

i .3 1 
"7.1T 

2 U .2 

7672 “ 

1.2 

"7.7“ 

25.7 

" 27.5 

37 U 

“ 27 o ”' 

1.8 

' 7 l 72 “ 


' 2370 " 

3.6 

2.1 

16.8 

1.9 

18.9 

1.8 

20.9 

1.7 

22.9 

1.6 

2 U .8 

1.6 

26.5 

1.5 

28.2 

1 .U 

29.9 

3.8 

2.2 

18.2 

2.1 

20 . U 

1.9 

22.6 

1.8 

2 U .7 

1.7 

26.7 

1.7 

28.5 

1.6 

30.3 

1.5 

32.1 

U .0 

2.3 

19.7 

2.2 

22.0 

2.0 

2 U .3 

1.9 

26.5 

1.8 

28.6 

1.8 

30.6 

1.7 

32.5 

1.6 

3 U.U 


1/ - In Feet 


2/ - In Square Feet Per Foot 


5.L—17,830*1 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR “ 

DIVERSIONS WITH CUT-FILL RATIO 1.25*1.00 
2*1 Channel and Ridge Slopes U Ft. Ridge Top Width 

3 % Land Slope 



Total 
Height of 
Diversion 
Above 
Channel 


Channel Bottom Width - Feet 



Cut Area 


8* 


Cut Area 


Area 










Land Slo 


12 ' 


Cut Area 



16» 

ie 


Cut 1 

Area ! 

Cut 1 

1 Area 



12.3 

13.9 
15.7 

" 17.5 

19 . h 

21.3 
" 25.5 

25.3 
27 . U 

” 27.5 

31.9 
31 *. 2 
36.6 



1/ - In Feet 


2/ - In Square Feet Per Foot 


22.9 

- 25.3 

27.1 

29.3 
“ 37.5 

33.9 

36.3 

38.9 


5,L—17,830. 2 


C 


C 






















































































CHANNEL CENTER LINE DEPTH OF CUT 1/ ADD AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
2:1 Channel and Ridge Slopes U Ft. Ridge Top Width 

556 Land Slope 


Total 
Height of 


Channel Bottom Width - Feet 


u lmdiuu 

Above 

_ k' _ 

6* 

8* 

10* 

_ m _ 

11 

[** 

_ 16* 

18 

1 

Channel 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.1 

6.7 

1.0 

7.9 

0.9 

9.1 

0.9 

10.3 

0.8 

11.2* 

0.8 

12.5 

0.8 

13.6 

0.7 

lit. 7 

1.8 

1.2 

7.6 

1.1 

9.0 

1.1 

10. It 

1.0 

11.7 

0.9 

12.9 

0.9 

lit. 2 

0.9 

15.2* 

0.8 

16.6 

2.0 

1.3 

8.6 

_1.2_ 

10.2 

1.2 

11.8 

1.1 

13.2 

1.0 

_ Hi.5 

1.0 

15.9 

1.0 

17.2 

0.9 

18.5 

272" 

l«U 

3.7 

uT 

7l.U 

"173" 

17.7 

7.7 

7lt .7" 

7.7 


" 7.7 * 

' 7777“ 

7.T3 

757i" 

7.3 

"23.3 

2.1t 

1.6 

10.9 

1.5 

12.7 

l.li 

Hi.6 

1.3 

16.3 

1.2 

17.9 

1.2 

19.5 

1.1 

21.0 

1.1 

22.5 

2.6 

1.7 

12.1 , 

1.6 

L h».i 

1.5 

16.1 

l.li 

17.9 

1 1.3 

19.7 

L 1 *3 

21.I* 

1.2 

23.0 

1.2 

2U.6 

-278- 

“ITT 

"17.3 ' 

"177" 

" 7575" 

-176" 

"17.7' 

7.7 

‘ 1576" 

"7.7 

■7175" 

" 7.77 * 

' 7373" 

"7.3' 

’7570" 

"7.3" 

"23.3 

3.0 

1.9 

1U.8 

1.8 

17.0 

1.7 

19.2 

1.6 

21.3 

1.5 

23.3 

1.5 

25.2 

l.li 

27.1 

1.2* 

29.1 

_3.2_ 

2.0 

16.2 j 

ilj9 

18.6 

1.8 

20.9 

1.7 

23.1 

1.6 

25.2 

1.6 

27.3 

1.5 

29.3 

1.5 

31-1* 

37U 

27 r 

”17.7" 

27o 

7072“ 

1.5” 

“22.7 


2175" 

7.7 

7772 

"7.7' 

2571i 


’ 3176" 


"33.3 

3.6 

2.3 

19.2 

2.1 

21.9 

2.0 

22*. 1* 

1.9 

26.9 

1.9 

29.3 

1.8 

31.6 

1.7 

33.9 

1.6 

36.2 

3.8 

2. It 

20.8 

2.3 

23.6 

2.1 

26.3 

2.0 

28.9 

2.0 

31.U 

1.9 

33.8 

1.8 

36.3 

1.7 

38.7 

lt.o 

2.5 

22.5 

2. It 

25.U 

2.3 

28.3 

2.1 

31.0 

2.1 

33.6 

2.0 

36.2 

1.9 

38.7 

1.8 

1*1.2 

6% ] 

Land Slo 

P?___ 


1.1 

7.1 

1.1 

8*U 

1.0 

9.7 

0.9 

11.0 

0.9 

12.3 

0.9 

13.6 

0.8 

Hi. 8 

0.8 

16.0 

1.8 

1.2 

8.1 

1.2 

9.6 

1.1 

11.1 

1.0 

12.5 

1.0 

13.9 

0.9 

15.3 

0.9 

16.6 

0.9 

17.9 

2.0 

1#1a 

9.2 j 

1.3 

10.9 

1.2 

12.5 , 

1.1 

lli.O 

1.1 

15.6 

1.0 

17.1 

1.0 

18.5 

1.0 j 

19.9 

"27?" " * 

“175" 

"13.3 ■ 

“17U" 

"1272" 

"173" 

“17.7 ’ 

1.7 

“7576" 

" 7.7' 

-7773" 

"7.7‘ 

■7875" 

“7.7' 

' 7071T 

"7.7" 

"22.3 

2.1* 

1.6 

11.6 

1.5 

13.5 

1.2* 

15.2* 

l.li 

17.3 

1.3 

19.1 

1.2 

20.8 

1.2 

22.lt 

1.1 

22*. 1 

2.6 

1.7 

12.8 

1.6 

Hi. 9 

1.5 

17.0 

1.5 

19.0 

l.U 

20.9 

1.3 

22.7 

1.3 

2U.5 

1.2 

26.3 

“278 

“178” 

llT.T 

"i7r 

767lt 

"176" 

“17.7 ' 


‘2<rr 


’ 7278" 

"7.7' 

■ Ti^r 


26,6 

r *1.3 

"23.3 

3.0 

2.0 

15.5 

1.9 

17.9 

1.8 

20.3 

1.7 

22.5 

1.6 

2U.8 

1.5 

26.8 

1.5 

28.8 

l.u 

30.8 

3.2 

2.1 

16.9 , 

2.0 

19.5 

1.9 

22.0 

1.8 

22*. 1* 

1.7 

26.8 

1.6 

29.0 

L 1.6 

31.1 

1.5 

33.2 

"37U- 

-272" 

"1*5.71 H 

"271" 

" 7i7i" 

"27cT 

"27.7 1 

’ 7.7' 

'7671T 

" 7.7 ^ 

’2875" 

"7.7* 

"3172“ 

”7.7' 

•3375" 

" 7.3 ~ 

"33.7 

3.6 

2.3 

20.0 

2.2 

22.9 

2.1 

25.7 

2.0 

28.lt 

1.9 

31.0 

1.9 

33.5 

1.8 

35.9 

1.7 

38.3 

3.8 

2.1t 

21.7 

2.3 

2U.7 

2.2 

27.7 

2.1 

30.5 

2.0 

33.2 

2.0 

35.8 

1.9 

38.lt 

1.8 

U0.9 

lt.0 

2.6 

23.5 

2.U 

26.6 

2.3 

29.7 

2.2 

32.6 

2.1 

35.2* 

2.1 

38.2 

2.0 

lt0.9 

1.9 

U3.6 


*T> 

to 

(0 

U> 

O 

Mi 


1/ - In Feet 


2/ - In Square Feet Per Foot 


5.L-17.830.3 

















CHANNEL CENTER LINE DEPTH OF COT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
2:1 Channel and Ridge Slopes 1* Ft, Ridge Top Width 

7% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 

Channel Bottom Width - Feet 


*•. . 

6* 

8» 

10» 

12* 

U 

i' 

16* 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.2 

7.5 

1.1 

9.0 

1.0 

10. U 

1.0 

11.8 

0.9 

13.2 

0.9 

1U.6 

0.9 

16.0 

1.8 

1.3 

8.6 

1.2 

10.2 

1.1 

11.8 

1.1 

13. U 

1.0 

1U. 9 

1.0 

16. U 

1.0 

17.9 

2.0 

l.U 

9.7 

1.3 

11.5 

1.2 

13.2 

1.2 

i5.o , 

1.1 

16.6 

1.1 

18.3 

1.1 

19.9 

”272" " 

■i7r 

"175.? " 

"or 

"17.? ’ 

"171T 

"1H.71 

"173" 

"13.3 “ 

"172" 

”lB.3 - 

’ "172" 

"273.7 “ 

"172" 

"27.3 

2.it 

1.6 

12.2 

1.5 

1U.3 

1.5 

16.3 

l.U 

18.3 

1.3 

20.3 

1.3 

22.2 

1.3 

2U.1 

2.6 

1.8 

13.5 

1.7 

15.8 

1.6 

18.0 ^ 

1.5 

20.1 

l.U 

22.2 

l.U 

2U.3 

l.U 

26.3 

“278“ " 

”179" 

"ur.?“ 

"178T 

”17.7 “ 

"17 r 

"1?.7 " 

"176” 

"25.75 

”175" 

"23.7' 

‘ "175" 

"23.3" 

”175" 

"28.? 

3.0 

2.0 

16.3 

1.9 

18.9 

1.8 

21.ii 

1.7 

23.9 

1.7 

26.3 

1.6 

28.6 

1.6 

30.8 

3.2 

2.1 

17.8 

2.0 

20.6 

1.9 

23.2 

1.8 

25.9 

1.8 

28.3 

1.7 

30.8 

1.7 

33.2 

"37U" “ 

-T.T 

"i?.3 " 

"271" 

"25.7" 

"270” 

"23.3" 

"27cr 

"27.? " 

"179" 

"373.7 ' 

"178" 

"37.7 " 

"178" 

"37.3 

3.6 

2. U 

21.0 

2.3 

2U.1 

2.2 

27.1 

2.1 

30.0 

2.0 

32.7 

1.9 

35. U 

1.9 

38.1 

3.8 

2.5 

22.7 

2.U 

26.0 

2.3 

29.1 

2.2 

32.1 

2.1 

35.0 

2.0 

37.8 

2.0 

U0.6 

U.0 

2.6 

2U.5 

2.5 

27.9 

2.U 

31.2 

2.3 

3U.3 

2.2 

37.3 

2.1 

U0.3 

2.1 

U3.2 



l/ - In Feet 


2/ - In Square Feet Per Foot 


5, L—17,830.4 
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CHANNEL CENTER LINE DEPTH OF COT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH COT-FILL RATIO 1,25:1.00 
2*1 Channel and Ridge Slopes 1* Ft. Ridge Top Width 

9% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 




Channel Bottom Width 

- Feet 






U» 

6» 


3» 

L 10» 

1 

2* 

_lit* J 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.3 

8.3 

1.2 

10.1 

1.1 

11.8 

1.1 

13.5 

1.0 

15.2 

1.0 

16.9 

1.8 

1.U 

9.U 

1.3 

11.1* 

1.2 

13.3 

1.2 

15.2 

1.1 

17.0 

1.1 

18.8 

2.0 

1.5 

10.6 

l.U 

12.8 

l.U 

11*. 9 

1.3 

16.9 

1.2 

18.9 

1.2 

20.8 

“272 

' " T.S ' 

' Tl75“ 

" T.3' 

‘ 11*73” 

’T.3' 

■T6:r 

” T.7 ‘ 

■T877" 

’ 7.3 ' 

"50:8" 

“ . 1.3 ' 

‘ 3279“ 

2.U 

1.7 

13.3 

1.7 

15.8 

1.6 

18.2 

1.5 

20.5 

1.1* 

22.8 

l.l* 

25.1 

2.6 

1.9 

11*. 8 

L 1 « 8 

17.1* 

L 1*7 

20.0 

1.6 

22.1* 

1.6 

21*. 9 

1.5 

27.1* 

“278 

‘ " 3.73 ' 

■1673“ 

’T.7' 

'T?:r 

“T.S' 

"2178“ 

“ T.7 ‘ 

■ ?i*7ir 

“ 1.7' 

■?77r 

"T.«5' 

"397 r 

3.0 

2.1 

17.9 

2.0 

20.8 

1.9 

23.7 

1.9 

26.5 

1.8 

29.1* 

1.7 

32.1 

3.2 

2.2 

19.5 

L 2. i 

22.6 

2.0 

25.7 

2.0 I 

28.7 

L 

31.6 

L !- 8 J 

31*. 5 

"37U- 

' " 3.7' 

' 3l72" 

’7.3* 

* 21*75" 

’7.7 1 

■7778T 

” 7.T 

' 3079“ 

"7.73' 

’ 3i*7o” 

“T.7 J 

"377o” 

3.6 

2.5 

23.0 

2.1* 

26.1* 

2.3 

29.9 

2.2 

33.2 

2.1 

36.1* 

2.0 

39.6 

3.8 

2.6 

2U.8 

2.5 

28.1* 

2.1* 

32.1 

2.3 

35.5 

2.2 

38.9 

2.2 

1*2.2 

U.o 

2.7 

26.7 

2.6 

30.5 

2.5 

31*. 3 

2.1* 

37.9 

2.1* 

1*1.1* 

2.3 

10*. 9 


10% Land Slope 


1.6 

1.3 

8.8 

1.2 

10.7 

1.2 

12.6 

1.1 

1U.U 

1.1 

16.2 

1.0 

18.0 

1.8 

l.U 

10.0 

1.3 

12.1 

1.3 

iu .1 

1.2 

16.1 

1.2 

18.1 

1.1 

20.0 

2.0 

1.5 

11.2 

1.5 

13.5 

l.U 

15.7 

1.3 

17.9 

1.3 

20.0 

1.2 

22.1 

”272 

' “ T.7 ' 

’ 1276" 

"T.S- 

’ T57o“ 

’ T.3' 

■T77U" 

’ T.7 ’ 

■T978” 

’T.7' 

' 3270" 

" T.3 ' 

" 3U73” 

2.1* 

1.8 

H*. 0 

1.7 

16.6 

1.6 

19.2 

1.6 

21.7 

1.5 

2U.1 

l.U 

26.5 

2.6 

1.9 

15.5 

1.8 

18.3 

1.7 

21.1 

1.7 

23.7 

1.6 

26.3 

1.6 

28.8 

“278 

' “ 3.73' 

'T77l" 

’T.7' 

' 7d7l” 

’T.7' 

’ 7370” 

” T.7 ' 

■7578“ 

’ T.7' 

'7876" 

"T.7' 

‘ 3173" 

3.0 

2.2 

18.8 

2.1 

21.9 

2.0 

25.0 

1.9 

28.0 

1.8 

30.9 

1.8 

33.8 

3.2 

2.3 

20.5 

2.2 

23.8 

2.1 

27.0 

2.0 

30.2 

_ 2.0 

33.3 

1.9 

36, U 

”371*- 

■-3.TT 

’ 7273" 

’3.3' 

’7577" 

‘7.3* 

■7571" 

“3.7- 

’3275" 

’ 3.T' 

*3578" 

" 3.3 ‘ 

’ 3970" 

3.6 

2.5 

21*. 1 

2.1* 

27.7 

2.3 

31.3 

2.3 

3U.8 

2.2 

38.3 

2.1 

Ul.7 

3.8 

2.7 

26.0 

2.6 

29.8 

2.5 

33.6 

2. U 

37.2 

2.3 

U0.9 

2.2 

UU.5 

l*.o 

2.8 

27.9 

2.7 

31.9 

2.6 

35.9 

2.5 

39.7 

2.U 

1*3.5 

2.U 

U7.3 


JL/ - In Feet 2/ - In Square Feet Per Foot 

“ “ 5 



L-17,830.5 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR “ 

DIVERSIONS WITH CUT-FILL RATIO 1.25*1.00 
2tl Channel and Ridge Slopes 1* Ft. Ridge Top Width 

11$ Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 

- US - 

1.8 

2.0 

“272 

2.1* 

2.6 

“278" “ 

3.0 

3.2 

“371* 

3.6 

3.8 

1*.0 


Area 
9.2 
10 . 1 * 
11.7 
T371" 
14.6 
16,2 
T/79" 
19.6 
21 . 1 * 
7372” 

25.1 

27.1 

29.1 


9.7 

11.0 

12 . 1 * 

1378“ 

15.3 
16.9 
1876" 
20 . 1 * 

22.3 
71*72“ 
26.2 

28.3 
30.1* 


Channel Bottom Width - Feet 


Area 

Cut 

11.3 

1.2 

12.7 

1.3 

11*. 2 

1.1* 

1678 

“ITS 

17.6 

1.7 

19.2 

1.8 

717CT - 

”1.7 

22.9 

2.1 

21*. 9 

2.2 

7679“ 

“7.1 

29.0 

2.1* 

31.1 

2.6 

33.3 

2.7 

12$ Land Slop« 


13.5 

15.1 
167T 
18 .U 

20.2 
Tl27o” 
21 *. 0 
26.0 
787l“ 

30.3 

32.6 

31*. 9 


8 » 10 » 1 12 * 

I Area Cut Area Cut 1 Area ~ 
13.1* 1.2 15.1* 1.1 17.3 

15.0 1.3 17.2 1.2 19.3 

I 16.7 1.1* 19.0 1.3 21.3 

- 1871*-1.5 " 1079-l.T* " 1371*“ 

20.2 1.6 22.9 1.6 25.6 

22.1 1.7 25.0 1.7 27.9 

‘' ll*7l-1.1" 177s?-l.'B " 1072 “ 

26.2 2.0 29.5 1.9 32.6 

28.3 2.1 31.8 2.0 35.1 

" 1076-1.1" 11*72-1.1" 177 T 

32.8 2.3 36.6 2.3 1*0.3 

35.1 2.5 39.1 2.1* 1*3.0 

37.6 2.6 1*1.6 2.5 1*6.7 


U*72 I 1.2 I 16.3 I 1.1 I 18.1* 

15.9 1.3 18.2 1.2 20.1* 

17.7 1.1* 20.1 1.1* 22.5 

1975-1.1" *27 f-1.1 "71*7r 

21.1* 1.7 2l*.2 1.6 27.0 

23.1* 1.8 26.1* 1.7 29.1* 

7571*-1.1" 7876- 1.1" H78" 

27.5 2.0 30.9 2.0 31*. 3 

29.7 2.2 33.3 2.1 36.9 

l27o-7.1 ” 1578-7.7 " 197£" 

31*.1* 2.1* 38.3 2.3 1*2.3 

36.8 2.5 1*0,9 2.5 1*6.1 

39.3 2.7 1*3.6 2.6 1*7.9 


1/ - In Feet 


2/ - In Square Feet Per Foot 


5.L-17.830.6 










CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
2:1 Channel and Ridge Slopes 7 Ft. Ridge Top Width 

13# Land Slope 


Total 
Height of 
Diversion 


Channel Bottom Width 

- Feet 




Above 


7 » 

6 * 

8 » 

10* 1 

Channel 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.7 

10.2 

1.3 

12.6 

1.3 

15.0 

1.2 

17.3 

1.8 

1.5 

11.5 

1.5 

17.2 

1.7 

16.8 

1.7 

19.3 

2.0 

1.6 

12.9 

1.6 

15.8 , 

1.5 

18.6 

1.5 

21.7 

“272 

- 178 " 

" 17.7 - 

‘ " " 17 T 

“ 17.5 " "' 

—17 r ' 

' 5 o 75 - 

‘ “ ” 176 " 

“ 25.5 

2.7 

1.9 

16.0 

1.8 

19.3 

1.8 

22.5 

1.7 

25.7 

2.6 _j 

2.0 

17.7 

2.0 

21,2 

L 1.9 

L 27.5 

1.9 

28.0 

“278 - 

“ “ 272 " 

" 1 * 9.7 " " * 

271 " 

”£.7 " " 

-Co“ 

■ 567 T " * 

’" " 27 (T 

" 35.5 

3.0 

2.3 

21.2 

2.2 

25.1 

2.2 

28.9 

2.1 

32.7 

3.2 , 

2.7 

23.2 

2.7 

27.2 

2.3 

31.2 

2.2 

35.2 

"377 

- 273 " 

" 25.7 " " H 

■ - " 275 " 

" 25.7 " " • 

- 277 " ' 

“ 5375 - 

" " 273 " 

" 37.7 

3.6 

2.7 

27.3 

2.6 

31.6 

2.5 

35.9 

2.5 

70.3 

3.8 

2.8 

29.7 

2.8 

33.9 

2.7 

38.7 

2.6 

72.9 

7.0 

3.0 

31.7 

2.9 

36.7 

2.8 

7 l.o 

2.7 

75.6 


111# Land Slope 


- ns - 

1.7 

10.7 

1.7 

13.7 

1.3 

16.6 ’ 

1.3 

"1573 1 

1.8 

1.5 

12.1 

1.5 

15.0 

1.5 

17.8 

1.7 

20.6 

2.0 

1.7 

13.6 

1.6 

16,7 J 

1.6 

19.7 J 

1.5 

22.7 

" 272 “ “ “ 

- 178 “ 

" 15.7 " " * 

• " " 178 “ 

" 15,5 “ " ' 

— 1~T ' 

‘ * 517 1 - 

'" “ITT 

" 25.*9 

2.7 

1.9 

16,7 

1.9 

20.2 

1.8 

23.7 

1.8 

27.2 

2.6 

2.1 

18,7 J 

2.0 

22.2 

2.0 

l 25.9 

1.9 

29.6 

"278 -- 

- 272 “ 

" 25.5 - 

271 " 

" 25.5 “ “ ‘ 

271 " ' 

‘ 5871 - 

270 " 

" 35.5 

3.0 

2.3 

22.2 

2.3 

26.3 

2.2 

30,7 

2.2 

37.5 

3.2 

2.5 

27.2 

2.7 

28.5 

2.7 

32.8 

2.3 

37.0 

” 377 " 

- 276 “ 

" 25.5 - 

■ - " 275 " 

" 35.5 " “' 

275 "' 

• 5572 " “ • 

277 " 

" 35.3 

3.6 

2.8 

28.? 

2.7 

33.2 

2.6 

37.7 

2.5 

72.3 

3.8 

2.9 

30.8 

2.8 

35.6 

2.7 

70.3 

2.6 

75.1 

7.0 

3.0 

33.1 

3.0 

38.1 

2.9 

73.0 

2.8 

77.9 


1/ - In Feet 


2/ - In Square Feet Per Foot 


5. L-17.830.7 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25*1.00 
2:1 Channel and Ridge Slopes 7 Ft. Ridge Top Width 

Channel Bottom Width - Feet 


Total 
Height of 
Diversion 
Above 
Channel 

15# Land Slope 

16% Land Slope 

7* 

6» 


8* 



6* 


8* 

Cut 

Area 

Cut 

Area 

Cut 

Area 

. _ _Cufc 

Area 

Cut 

Area 

Cut 

Area 

1.6 

uk 

11.2 

1.7 

i7.o 

1.7 

16.8 

1.5 

11.7 

1.7 

17.7 

l.U 

17.7 

1.8 

1.6 

12.7 

1.5 

15.7 

1.5 

18.7 

1.6 

13.3 

1.6 

16.5 

1.5 

19.7 

2.0 

1.7 

17.3 

1.7 

17.5 

1.6 

20.7 

1.8 

15.0 

1.7 

18.7 

1.7 

21.8 

"272 

“ W 

’ 767o" 

178" 

"17.7 " 

"T.S' 

' -2278- 

-179" 

"17.7 " 

"1.7‘ 

’ 7077" 

-"178" 

"27.73 

2.1; 

2.0 

17.7 

1.9 

21.7 

1.9 

25.0 

2.0 

18.6 

2.0 

22.5 

1.9 

26.3 

2.6 

2.1 

19.5 

2.1 

23. 7 

2.0 

27.2 

2.2 

20.5 

2.1 

27.6 

2.1 

28.7 

"278- 


■*5i7r 

" "272" 

"27.7 " 

"7.T 

_ 7975- 

-2:r 

"25.7 " 

" 7.7 ‘ 

-767<T 

' "272" 

"37.7 

3.0 

2.7 

23.7 

2.3 

27.7 

2.3 

31.9 

2.5 

27.6 

2.7 

29.2 

2.3 

33.7 

3.2 

2.5 

25.5 

2.5 

30.0 

2.7 

37.7 

2.6 

26.8 

2.5 

31.6 

2.5 

36.3 

"377 

" 2.7' 

‘ ?777" 

"276" 

"37.7 " 

"7.7' 

‘ 777o 

277" 

"27.7 " 

" 7.7' 

’ 7771" 

2.6" 

"37.U 

3.6 

2.8 

30.0 

2.7 

37.9 

2.7 

39.7 

2.9 

31.5 

2.8 

36.7 

2.7 

71.8 

3.8 

3.0 

32.3 

2.9 

37.U 

2.8 

72.7 

3.0 

37.0 

2.9 

39.3 

2.9 

77.6 

7.0 

3.1 

37.7 

3.0 

70.0 

2.9 

75.2 

3.2 

36.5 

3.1 

72.0 

3.0 

77.5 


11% Land Slope 18/S Land Slope 


1.6 

1.5 

12.3 

1.5 

15.5 


18.6 

1.5 

13.0 

1.5 

16.3 

1.5 

19.6 

1.8 

1.7 

17.0 

1.6 

17.7 

1.6 

20.7 

1.7 

17.8 

1.6 

18.3 

1.6 

21.8 

2.0 

1.8 

15.8 , 

1.8 

19.7 

1.7 

22.9 

1.9 

16.7 

1.8 

20.7 

1.7 

27.1 

"272 

"7.73- 

T77T' 

-"179" 

"21.7 " 

"1.7* 

■ 7572- 

-27b" 

"18". 7 " 

"T.7‘ 

■ 2276"- 

-1^" 

"2S-.5* 

2.7 

2.1 

19.7 

2.0 

23.7 

2.0 

21.6 

2.2 

20,8 

2.1 

27.9 

2.0 

29.0 

2.6 

2.2 

21.7 

2.2 

25.9 

2.1 

30.1 

2.3 

23.0 

2.2 

27.3 

2.2 

31.6 

"278- 

"7.7' 

’ 7378" ' 

‘"273" 

"28.1" 

"7.7" 

■ 1277- 

275“ 

“2^.3 “ 

" 2.7 ’ 

' 2978" * 

2.3 

"37.3 

3.0 

2.5 

25.0 

2.5 

30.7 

2.7 

35.7 

2.6 

27.6 

2.5 

32.7 

2.7 

37.1 

3.2 

2.7 

27.3 . 

2.6 

33.2 

2.5 

38.1 

2 tJ 

30,0 

2.6 

35.0 , 

2.6 

70.0 

"377- 

"7.7- 

’ 7077"' 

-"277" 

"37.7 " 

"777* 

’ 7079 

2.8" 

—r «. — 

32.17 

“2.r 

m fci 4 

37.8 

' "277" 

13.0 

3.6 

2.9 

33.2 

2.9 

38.5 

2.8 

73.8 

3.0 

35.1 

2.9 

70.6 

2.9 

76.1 

3.8 

3.1 

35.8 

3.0 

71.3 

2.9 

76.8 

3.1 

37.8 

3.1 

73.5 

3.0 

79.2 

7.0 

3.2 

38.5 

3.1 

77.2 

3.1 

79.9 

3.3 

70.6 

3.2 

76.5 

3.2 

52.7 


1/ - In Feet 2/ - In Square Feet Fer Foot 

— — 5 , 1 - 17 , 830.8 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
3:1 Channel and Ridge Slopes U Ft. Ridge Top Width 

1% Land Slope 


Total 
Height of 
Diversion 





Channel Bottom Width 

- Feet 








Above 

U ' 

6 ' 

8 * 

10 ' 

1 

2 * 

1 

UL 

16 ' 

18 ' 

Channel 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.0 

6,6 

0.9 

7 .U 

0.8 

8.2 

0.7 

8.9 

0.7 

9.6 

0.7 

10.2 

0.6 

10.8 


ll.U 

1.8 

1.1 

7.6 

1.0 

8.6 

0.9 

9.5 

0.8 

10.3 

0.8 

11.1 

0.8 

11.8 

0.7 

12.5 

wnffl 

13.2 

2.0 

1.2 

8.7 

1.1 

9.9 

1.0 

10.9 

0.9 

11.9 

0.9 

12.8 

0.8 

13.6 

0.8 

1 U.U 


15.2 

"272 

" 173 " 

"7.7" 

" 172 " 

" 1173 " 

" 171 " 

"l7.3 1 

’ 1 . 1 ' 

’ 7375 " 

” 7 . 7 ' 

- 7 U 76 - 

"3.7‘ 

■ 75 :r 

"3.7’ 

’ 767 U " 

SlM 

"17.3 

2 . It 

l.U 

11.2 

1.3 

12.7 

1.2 

1 U .0 

1.2 

15.2 

1.1 

16.U 

1.0 

17 .U 

1.0 

18 . U 


19 .U 

2.6 

1.5 

12.6 

l.U 

1 U .2 

1.3 

15.7 , 

1.3 

17.0 

1.2 

18.3 

1.1 

19 . U 

1.1 

20.5 

1.0 

21.6 

" 278 ” " H 

" 176 ” 

"iH.7 ' 

" 175 ” 

" T 57 en 

" 17 U " 

“17.7 ‘ 

m 

’ 7878 " 

" 7.7' 

~ 7072 " 

"7.7* 

' 7 l 7 U " 

"7.7’ 

’ 7276 " 

"7.7* 

' " 23.3 

3.0 

1.7 

15.7 

1.6 

17 .U 

1.5 

19.1 

1.5 

20.7 

l.U 

22.2 

1.3 

23.5 

1.3 

2 U .8 

1.2 

26.1 


1.8 

17.3 , 

1.7 

19.1 

1.6 

20.9 

1.6 

22.6 

L *«5 

2 U .2 

l.U 

25.7 

L i-k 

27.1 

1.3 

28.5 

KsB 

" 17 $T 

"1 7.3 1 

" 178 " 

" ’? o~<r 

" f 7 T 

" 27.3 1 

’ 7.7 ‘ 

' 7 UT 6 - 

"7.3* 

' 7673 “ 

"7.r 

’ 7779 " 

"7.3" 

' 797 U “ 

"7.TT 

" 33.7 

■H 

2.0 

20.7 

1.9 

22,7 

1.8 

2 U .7 

1.8 

26.6 

1.7 

28.5 

1.6 

30.2 

1.5 

31.8 

1.5 

33 .U 

3.8 


22.5 

2.0 

2 U .6 

1.9 

26.7 

1.9 

28.8 

1.8 

30.8 

1.7 

32.6 

1.6 

3 U .3 

1.6 

36.0 

U .0 


2 U.U 

2.2 

26.6 

2.1 

28.8 

2.0 

31.0 

1.9 

33.1 

1.8 

35.0 

1.7 

36.8 

1.7 

38.6 


1.6 

1.0 

6.9 

0.9 

7.9 

0.8 

8.8 

- ^ « 

0.8 

9.7 

- 

0.8 

10.6 

0.7 

11 . U 

0.7 

12.1 

0.6 

12.8 

1.8 

1.1 

8.1 

1.0 

9.2 

1.0 

10.2 

0.9 

11.2 

0.9 

12.2 

0.8 

13.1 

0.8 

1 U .0 

0.7 

1 U .8 

2.0 

1.2 

9.3 

1.1 

10.6 

1.1 

11.7 

1.0 

12.8 

1.0 

lU.o 

0.9 

15.0 

0.9 

16.0 

0.8 

16.9 

"272 - 

" 173 " 

" 13.3 - 

" 173 " 

" 7270 " 

" 172 " 

" 13.7 * 

’ 7,7 ‘ 

‘ 7 U 76 " 

” 7 . 7 ' 

’ 75 :er 

" 7 . 3 * 

’ 7770 " 

" 3 . 7 * 

' 7871 " 

" 3 . 7 * 

' " 17.7 

2 .U 

l.U 

12.0 

l.U 

13.5 

1.3 

1 U .9 

1.2 

16 . U 

1.2 

17.7 

1.1 

19.0 

1.0 

20.3 

1.0 

21 .U 

2.6 

1.6 

13.5 

1.5 

L l 5-i 

l.U 

16.6 

1.3 

18.3 

1.3 

19.7 

1.2 

21.1 

1.1 

22.5 

1.1 

23.8 

"278 - 

" 177 “ 

" 17.7 ” 

" 176 ” 

” 7677 “ 

" 175 " 

" 17.3 * 

■ 7 , 3 * 

" 7072 " 

” 7 . 3 ' 

* 7 i 7 er 

" 7 . 3 ' 

’ 7373 " 

"7.7** 

' 7 U 78 " 

"7.7“ 

' " 25.7 

3.0 

1.8 

16.7 

1.7 

18.5 

1.6 

20.3 

1.5 

22.2 

1.5 

23.9 

l.U 

25.5 

1.3 

27.1 

1.3 

28.7 

3.2 

1.9 

18 . U 

" 23.7 ” 

1.8 

" 175 " 

20.3 
- 7272 " 

1.7 

" 178 " 

22.2 

" 23.7 ’ 

1.6 

’7.7' 

2 U .2 
* 7673 " 

1.6 

”7.7' 

26.1 

‘ 7873 " 

_ 1.5 
“ 7 . 5 * 

27.8 
’ 3072 " 

1 .U 

" 7 . 3 * 

29.5 
’ 3270 " 

l.U 

"7.3“ 

31.2 

"33.3 

" 37 U 

" 270 " 

3.6 

2.1 

22.0 

2.0 

2 U .2 

1.9 


1.8 

28.5 

1.8 

30.6 

1.7 

32.7 

1.6 

3 U .6 

1.6 

36.5 

3.8 

2.2 

23.9 


26.2 

2.0 

28.5 

1.9 

30.8 

1.9 

33.0 

1.8 

35.2 

1.7 

37.3 

1.7 

39.3 

U .0 

2.3 

25.8 


28.3 

2.1 

30.7 

2.0 

33.1 

2.0 

35.5 

1.9 

37.8 

1.8 

UO.O 

1.8 

U 2.2 


1/ - In Feet 


2/ - In Square Feet Per Foot 


5, L—17,830. 9 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25s1.00 
3s1 Channel and Ridge Slopes U Ft. Ridge Top Width 

3$ Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 


h' 


Cut Area 




Channel Bottom Width - Feet 



1 

3* 

Cut 1 

Area 


12 * 


Cut Area 





If 


Cut 

Area 



Land Slo 



1/ - In Feet 


2/ - In Square Feet Per Foot 


15.9 

18.1 

20.6 

" 23.3 

25.6 

28.2 

" 33.7 

33.7 

36.6 

"3”5.7 

U2.8 

li6.0 

U9.3 


5.L—17.830.10 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25*1.00 
3tl Channel and Ridge Slopes U Ft. Ridge Top Width 

5% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 

Channel Bottom Width - Feet 



L_ 6. 

8* ! 

_10*_ 1 

r 

2» 

U 

l** 

16* 

18* ! 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.1 

8.1* 

1.1 

9.9 

1.0 

11.3 

1.0 

12.6 

0.9 

13.9 

0.9 

15.2 

0.9 

16.5 

0.8 

17.8 

1.8 

1.2 

9.8 

1.2 

11.1* 

1.1 

13.0 

1.1 

H*. 5 

1.0 

16.0 

1.0 

17.5 

1.0 

18.9 

0.9 

20.3 

2.0 

1.1* 

11.3 

1.3 

13.1 

1.2 

11*. 8 

1.2 

16.5 

1.1 

18.2 

1.1 , 

19.8 

i 1.1 

21.1* 

_ 1.0 

22.9 

-£2 - 

"175" 

"l7.“9 " 

"i7U" 

" 11*79” 

"173” 

"13.7 ‘ 

’ 1.7 ‘ 

■ 1876" 

" 1.7 ■ 

‘ 337IT 

"7.7 1 

■3272" 

” 1.3 ‘ 

“3379" 

“ 7.1 " - 

■23.3 

2.U 

1.6 

11*. 6 

1.5 

16.7 

1.5 

18.7 

1.1* 

20.8 

1.1* 

22.7 

1.3 

21*. 6 

1.3 

26.5 

1.2 

28.3 

2.6 

1.7 

16.1* 

1.6 

18.6 

1.6 

20.8 

1.6 

23.0 

1.5 

25.1 

1.1* 

27.1 

1.1* 

29.1 

1.3 

31.1 

"278" " 1 

"179" 

"lO “ 

"178" 

"7076” 

"17 r 

"27.3 ■ 

'1.7* 

“3573" 

" 1.3 ‘ 

“3775" 

" 1.7 1 

■397T 

"1.7“ 

“ 7179" 

" 7.3 

"33.3 

3.0 

2.0 

20.2 

1.9 

22.7 

1.8 

25.3 

1.8 

27.7 

1.7 

30.1 

1.6 

32.5 

1.6 

31*. 8 

1.6 

37.0 

3.2 

2.1 

22.2 

2.0 

21*. 9 

2.0 

27.6 

1.9 

30.2 

1.8 

32.8 

L 1*8 

35.3 

1.7 

37.8 

1.7 

1*0.1 

"37U - 1 

“272" 

"2H.3- 

"271" 

"7 r.r 

"271"| 

"33.3 ' 

“3.3' 

“ 3278" 

"1.7“ 

*7575" 

’ 1.71 

“ 7872” 

"7.3* 

“ 3o7T" 

- 7.7 " * 

■1*7.7 

3.6 

2.U 

26.5 

2.3 

29.5 

2.2 

32.5 

2.1 

35.5 

2.1 

38.3 

2.0 

1*1.2 

1.9 

1*3.9 

1.9 

1*6.6 

3.8 

2.5 

28.8 

2.1* 

31.9 

2.3 

35.1 

2.2 

38.3 

2.2 

1*1.2 

2.1 

1*1*. 2 

2.1 

1*7.1 

2.0 

5o.o 

U.O 

2.6 

31.2 

2.5 

31*. U 

2.1* 

37.8 

2.1* 

1*1.1 

2.3 

1*1*. 2 


1*7.3 

2.2 

50.1* 

2.1 

53.1* 


6 % 1 

-and Slope 

U 6 

1.2 

9.1 

1.1 

10.7 

1.1 

12.2 

1.0 

13.8 

1.0 

15.3 

0.9 

16.8 

0.9 

18.3 

1.8 

1.3 

10.6 

1.2 

12 . 1 * 

1.2 

11 *. 1 

1.1 

15.8 

1.1 

17.5 

l.l 

19.1 

1.0 

20.8 

2.0 

1 . 1 * 

" 176 " 

12.2 
" 17.3 " 

1 . 1 * 

11 *. 2 
" 7671 " 

1.3 

16.1 
” 13.7 “ 

1.3 

’ 7.3 J 

17.9 
“ 7071 " 

1.2 

" 7 . 3 “ 

19.8 
“ 7272 " ' 

1.2 
■ 7.7 ‘ 

21.5 
“ 71 * 7 l " 

1.1 

“ 7 . 7 “ 

23 . U 

“ 7670 " 

2.2 1 

lmtT 

l.U 

2 . 1 * 

1.7 

15.7 

1.6 

18.1 

1.5 

20.2 

1.5 

22 . 1 * 

1.5 

21 *. 6 

l . l * 

26.7 

l.U 

28.7 

2.6 

1.8 

17.6 

1.7 , 

20.1 

1.7 

22 . 1 * 

1.6 , 

21 *. 8 

1.6 

27.1 

1.5 

29 . 1 * 

1.5 

31.6 

"278 - 

" 179 " 

" 17.3 “ 

" 179 " 

" * 5272 " 

" 178 " 

" 23.7 “ 

■ l.T 

“ 3773 " 

" 7 . 7 “ 

‘ 7977" 1 

" 7 . 3 ' 

“ 3272 " 

‘ 7 . 3 ' 

“ 3 U 75 " 

3.0 

2.1 

21.7 

2.0 

21 *. 1 * 

1.9 

27.1 

1.8 

29.9 

1.8 

32.5 

1.7 

35.1 

1.7 

37.6 

3.2 

2.2 

23.8 j 

2.1 

26.7 

2.0 

29.6 

2.0 

32.6 

1.9 

35.3 

1.8 

38.0 

1.8 

U 0.7 

" 371 *- 

" 273 " 

" 25.75 " 

" 272 " 

" 7971 " 

” 27 l " 

" 37.7 “ 

‘ * 2.7 ■ 

“ 7573 " 

" 7 . 3 - 

’ 387 r ’ 

- 7 . 7 J - 

“ 3170 ” 

" 7 . 7 “ 

“ 3379 " 

3.6 

2.5 

28 . 1 * 

2 . 1 * 

31.6 

2.3 

31 *. 9 

2.2 

38.1 

2.1 

1 * 1.2 

2.1 

1 * 1 *. 2 

2.0 

U 7.2 

3.8 

2.6 

30.8 

2.5 

31 *. 2 

2 . 1 * 

37.7 

2.3 

1 * 1.0 

2.3 

1 * 1 *. 3 

2.2 

1 * 7.5 

2.2 

50.6 

1*.0 

2.7 

33.3 

2.6 

36.9 

2.5 

1 * 0.5 

2.5 

1 * 1 *. 0 

2 . 1 * 

1 * 7.5 

2.3 

50.9 

2.3 

5 U .1 


2/ - In Square Feet Per Foot 


1/ - In Feet 


5, L-17,830.11 
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CHANNEL CENTER LINE DEPTH OF CUT if AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
3:1 Channel and Ridge Slopes U Ft. Ridge Top Width 


7% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 

Channel Bottom Width - Feet 

U* 

6» 

8» 

10 » 

12* 

_lk!_ 

16* 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.2 

9.8 

1.2 

11.6 

1.1 

13.3 

1.1 

15.0 

1.0 

16.7 

1.0 

18. U 

1.0 

20.0 

1.8 

l.U 

11.5 

1.3 

13.U 

1.2 

15.3 

1.2 

17.2 

1.2 

19.1 

1.1 

20.9 

1.1 

22.7 

2.0 

1.5 

13.2 

l.U 

15.U 

l.U 

17.5 

1.3 

19.6 

1.3 

21.6 

1.2 

23.6 

1.2 

25.5 

“272" " 

"l76~ 

1-5.0 " 

"176“ 

"i7.7 " 

"175“ 

"17.7 ' 

' "l7U" 

"25.3 “ 

i7U" 

"27.7 " 

"1.3" 

"23.7 “ 

"173" 

"27.7 

2.U 

1.8 

16.9 

1.7 

19.5 

1.6 

22.0 

1.6 

2U.5 

1.5 

26.8 

1.5 

29.1 

l.u 

31.U 

2.6 

1.9 

19.0 

1.8 

21.7 

1.7 

2U.U 

1.7 

27.0 

1.6 

29.5 

1.6 

32.0 

1.6 

3U.U 

"278" " 

“270" 

"2T.T " 

"179" 

"27.3 - 

’ "179" 

"27.7 1 

‘"178" 

"27.7 i 

' "178" 

"37.7 " 

"cr 

"37.7 " 

"17 r 

"37.7 

3.0 

2.1 

23.3 

2.1 

26 . u 

2.0 

29. U 

1.9 

32.3 

1.9 

35.2 

1.8 

38.0 

1.8 

U 0.7 

3.2 

2.3 

25.5 

2.2 

28.8 

2.1 

32.0 

2.1 

35.1 

2.0 

38.1 

1.9 

Ul.l 

1.9 

UU.o 

"37U 

"27U" 

"27." 

"273" 

"3T.7 ' 

"272" 

"3U.7 ‘ 

' "272" 

"37.7 J 

"27i" 

"UT.7 " 

"271" 

"U7.3 " 

"270" 

"U7.7 

3.6 

2.5 

30.3 

2.U 

3U.9 

2.U 

37.5 

2.3 

Ul.o 

2.2 

uu.u 

2.2 

U7.7 

2.1 

50.9 

3.8 

2.7 

32.8 

2.6 

36.7 

2.5 

UO.U 

2.U 

UU.l 

2.U 

U7.7 

2.3 

51.2 

2.3 

5U.6 

U.o 

2.8 

35.5 

2.7 

39.5 

2.6 

U3.U 

2.5 

U7.2 

2.5 

51.0 

2.U 

5U.7 

2. U 

58.U 


8 % Land Slope 


1.3 

10.5 

1.2 

12.5 

1,2 

lU.U 

l.l 

16.3 

1.1 

18.1 

l.l 

20.0 

1.8 

l.U 

12.2 

l.u 

lU.U 

1.3 

16.5 

1.3 

18.6 

1.2 

20.6 

1.2 

22.6 

2.0 

1.6 

1U.0 

1.5 

16 . U 

l.U 

18.7 

l.U 

21.0 

1.3 

23.2 

1.3 

25 . U 

"272 

“17 r 

"13.7 " 

"176“ 

"17.3 “ 

"176" 

"2T.3 " 

"175" 

"23.3 " 

"175" 

"23.7 " 

"17U" 

"27.3 

2.U 

1.8 

17.9 

1.8 

20.7 

1.7 

23. U 

1.6 

26.1 

1.6 

28.7 

1.5 

31.3 

2.6 

2.0 

20.0 

1.9 

23.0 J 

1.8 

25.9 

1.8 

28.8 

1.7 

31.6 

1.6 

3U.U 

"278" " 

" 271 " 

"22.2 " 

2.0 

"23.7 “ 

1.9 

"2F.3 “ 

1.9 

"31.S “ 

"178" 

"37.7 " 

"178" 

"37.3 

3.0 

2.2 

2 U .6 

2.1 

27.9 

2.1 

31.2 

2.0 

3U.5 

2.0 

37.7 

1.9 

U0.9 

3.2 

2.3 

27.1 

2.3 

30.6 

2.2 

3U.0 

2.1 

37.5 

2.1 

U0.9 

2.0 

UU.3 

"37U 

“275“ 

"25.7" 

"27U" 

"33.3 “ 

"273" 

"37.3 - 

"273" 

"U3.3 " 

"272" 

"UE.7" 

"271" 

"U7.7 

3.6 

2.6 

32.U 

2.5 

36.2 

2.U 

UO.l 

2.U 

U3.9 

2.3 

U7.6 

2.3 

51.3 

3.8 

2.7 

35.1 

2.7 

39.2 

2.6 

U3.2 

2.5 

U7.2 

2.5 

5l.i 

2.U 

5U.9 

U.o 

2.9 

37.9 

2.8 

U2.2 

2.7 

U6.U 

2.6 

50.6 

2.6 

5U.7 

2.5 

58.7 


1/ - In Feet 


2/ In Square Feet Per Foot 


5,1-17,830.12 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR “ 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
3:1 Channel and Ridge Slopes 4 Ft. Ridge Top Width 


9% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 



Channel Bottom Width - 

Feet 







l*« 

6* 

, 

3* 

10« 

12* 

_11*'_1 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.3 

11.2 

1.3 

13.1* 

1.2 

15.5 

1.2 

17.6 

1.1 

19.7 

1.1 

21.7 

1.8 

1.5 

13.1 

1.1* 

15.5 

1.1* 

17.8 

1.3 

20.2 

1.3 

22.5 

1.2 

21*. 7 

2.0 

1.6 

15.1 

1.5 

17.7 

1.5 

20.3 

1.5 

22.8 

l.l* 

25.3 

1.1* 

27.8 

"272" “ “ 

" ” T.7 ' 

' 1771“ 

” T.7 ' 

‘ 7o7o” 

“ T.7 ‘ 

’ 7278” 

"T.7' 

"7576" 

” T.7 

" 7873" * 

'"175“ 

7i7o" 

2.1* 

1.9 

19.3 

1.8 

22.1* 

1.8 

25.1* 

1.7 

28.U 

1.7 

31.3 

1.6 

31*. 2 

2.6 , 

2.0 

21.6 

1.9 

21*. 9 

1.9 

28.1 

1.8 

31.3 

1.8 I 

31*. U 

1.7 

37.5 

“278- 

’ ” 2. V 

'7379" 

“7.V 

’7775" 

“7.7T 

' 7079" 

“7.7' 

' 71*72” 

"i.r 

' 7775“ ‘ 

■"179" 

T*079" 

3.0 

2.3 

26 . 1 * 

2.2 

30.2 

2.1 

33.7 

2.1 

37.3 

2.0 

1*0.8 

2.0 

1*1*.3 

3.2 

2.1* 

29.0 

2.3 

32.9 

2.3 

36.7 j 

2.2 

U0.1* 

, 2.2 

l*l*. l 

2.1 

1*7.8 

"371*- 

""7.^ 

' 7i7T 

“7.7 

•357T 

"7.7* 

•79:r 

"7.7' 

• H37T 

"7.7' 

'7776“* 

‘ "272“ 

7i7ir 

3.6 

2.7 

31*. 5 

2.6 

38.7 

2.5 

1*2.9 

2.5 

1*7.0 

2.1* 

5l.l 

2.1* 

55.1 

3.8 

2.8 

37.1* 

2.7 

1*1.7 

2.6 

1*6.2 

2.6 

50.5 

2.5 

51*. 8 

2.5 

59.0 

U.0 

2.9 

1*0,1* 

2.9 

1*1*. 9 

2.8 

1*9.5 

2.7 

51*. l 

2.7 

58.6 

2.6 

62.9 


10% Land Slope 


1.6 

1.1* 

12.0 

1.3 

11*. 1* 

1.3 

16.8 

1.2 

19.2 

1.2 

21.1* 

1.8 

1.5 

11*. 0 

1.5 

16.7 

1.1* 

19.3 

1.1* 

21.9 

1.3 

21*. 3 

2.0 

1.7 

16.2 

1.6 

19.1 

. 1.5 

21.9 

1.5 

21*. 7 

L 

27.3 

"272 

” “ T.7' 

-T875" 

"T.7* 

’ 7176” 

"1.7' 

' 71*76“ 

-T.6- 

‘ 7776“ 

‘ T.7' 

* 7o7 IT 

2.1* 

1.9 

20.9 

1.9 

21*. 2 

1.8 

27.1* 

1.8 

30.6 

1.7 

33.6 

2.6 

2.1 

" " 7.7 • 

23.1* 

"7579“ 

_ 2.0 

" 7.T ‘ 

26.9 

‘7976" 

>_ 2.0 

" 7.T * 

30.3 

L 1-9 
” 7.7 ' 

33.7 

*7679” 

1.9 
" 7.7 ' 

36.9 
‘ 7073" 

"278" 

73.3 

3.0 

2.3 

28.5 

2.3 

32.1* 

2.2 

36.3 

2.2 

1*0.2 

2.1 

1*3.7 

3.2 

2.5 

31.2 

2.1* 

35.3 

2.1* 

39.1* 

2.3 

1*3.5 I 

2.2 

1*7.3 

"371* 

" " 7.7' 

‘ 7i*7o" 

"7.7* 

' 7873" 

"7.V 

■7276“ 

■ 7.7' 

■7679" 

" 7.7' 

' 7l70" 

3.6 

2.7 

36.9 

2.7 

1*1.1* 

2.6 

1*5.9 

2.6 

50.1* 

2.5 

51*. 8 

3.8 

2.9 

39.9 

2.8 

1*1*. 6 

2.8 

1*9.3 

2.7 

51*. o 

2.6 

58.6 

1*.0 

3.0 

1*3.1 

2.9 

1*7.9 

2.9 

52.8 

2.8 

57.7 

2.8 

62.9 


1/ - In Feet 2,f - In Square Feet Per Foot 


5.L—17.830.13 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1,25:1.00 
3:1 Channel and Ridge Slopes 7 Ft. Ridge Top Width 

11$ Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 



Channel Bottom Width - 

Feet 





7 

f 

6* 

8* 

10» 

12* 1 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.7 

12.9 

1.3 

15.5 

1.3 

18.2 

1.3 

20.8 

1.2 

23.3 

1.8 

1.5 

15.1 

l#U 

17.9 

1.4 

20.9 

1.4 

23.7 

1.3 

26.5 

2.0 

1.7 , 

17.ii 

1.6 

20.5 

1.6 

23.7 

1.5 

26.7 

1.5 

29.8 

"272 

-T.-8' 

' T978" “ 

" T.H ' 

‘ 7372“ " 

" T.7 ' 

’ 7676" “ 

"1.7* 

■ 7978“ " 

""176“ 

3371" 

2.7 

2.0 

22.3 

1.9 

25.9 

1.9 

29.5 

1.8 

33.0 

1.8 

36.5 

2.6 

2.1 , 

27.9 

2.0 

28.7 

2.0 

32.5 

1.9 

36.3 

1.9 

ilO.O 

"278- 

"7.3‘ 

"7776"" 

“7.7' 

■ *5176" - 

"7.7' 

'357fT" 

" 7.T' 

' 3276” " 

" "270" 

7375" 

3.0 

2.7 

30.ii 

2.3 

37.6 

2.3 

38.8 

2.2 

43.0 

2.2 

47.1 

3.2 

2.5 

33.3 j 

2.5 

37.7 J 

2. it 

42.1 J 

2.4 

46.5 

2.3 

50.8 

"377 

" 7.7 ‘ 

' 7673" ‘ 

"7.6' 

’ 7079" " 

"7.7* 

' 7575“ ^ 

" 7.7 * 

' 7o7i" " 

""275" 

3776" 

3.6 

2.8 

39.ii 

2.7 

77.2 

2.7 

79.0 

2.7 

53.8 

2.6 

58.5 

3.8 

2.9 

72.7 

2.9 

47.6 

2.8 

52.6 

2.8 

57.6 

2.7 

62.5 

7.0 

3.1 

U6.1 

3.0 

51.1 

2.9 

56.3 

2.9 

61.5 

2.8 

66.6 






12$ Land 

Slope 




1.6 

1.7 

13.9 

1.7 

16.8 

1.7 

19.8 

1.3 

22.5 

1.8 

1.6 

16.2 

1.5 

19.3 

1.5 

22.6 

1.5 

25.6 

2.0 

1.7 

18.6 

1.7 J 

22.0 

1.6 

25.5 

1.6 

28.8 

"272 

"i.r 

* 7l7l” 

" 3.7 ‘ 

* 7778" " 

"T.7* 

•7875"" 

" 1.7' 

' 3271" 

2.7 

2.0 

23.8 

2.0 

27.7 

1.9 

31.6 

1.9 

35.5 

2.6 J 

2.2 

26.6 

2.1 

30.7 

2.0 

37.8 

2.0 

39.0 

"278- 

" 7.3 

- 7975" " 

"7.3' 

“ 3378" “ 

"7.7* 

■ 3871" " 

"7.7* 

' 7276" 

3.0 

2.7 

32.5 

2.7 

37.0 

2.3 

71.5 

2.3 

76.3 

3.2 

2.6 

35.6 

2.5 

70.3 

2.5 

75.1 

2.5 

50.0 

"377 

" 7.7 ‘ 

' 3879" " 

" 7.7 ‘ 

‘ 7378" " 

"7.6* 

"7878"" 

"7.6* 

‘ 3378" 

3.6 

2.9 

72.3 

2.8 

77.7 

2.8 

52.6 

2.7 

57.7 

3.8 

3.0 

75.8 

3.0 

51.1 

2.9 

56.5 

2.9 

61.7 

7.0 

3.2 

79.7 

3.1 

57.9 

3.0 

60.5 

3.0 

65.8 


1/ - In Feet 2/ - In Square Feet Per Foot 


5.L-17.830. HI 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
3:1 Channel and Ridge Slopes 7 Ft, Ridge Top Width 


Channel Bottom Width - Feet 


Total 
Height of 
Diversion 



13$ Land Slope 





11$ Land Slope 



Above 



6* 


3* 

10* 



1 6» ! 


3* 

Channel 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.5 

15.0 

1.1* 

18.2 

l.il 

21.1* 

1.1* 

“20 1 

1.5 

16.2 1 

i.5 

19.7 

1.5 

23.1 

1.8 

1.6 

17.5 

1.6 

21.0 

1.5 

21*. 1* 

1.5 

27.8 

1.7 

18.8 

1.6 

22.6 

1.6 

26.3 

2,0 

1.8 

20.1 

1.7 

23.8 

1.7 

27.5 

1.6 

31.1 

1.8 

21.5 , 

1.8 

25.6 

1.8 

29.6 

“27?" “ 

"179" 

"27.7 ' 

”179" 

”25.3 " 

"178“ 

"37.7 " 

“178“ 

"37.7 " " 

“ “270“ 

"27.7 " 

"179" 

"27.7 " 

"179" 

"33.0 

2.7 

2.1 

25.6 

2.0 

29.8 

2.0 

31*. 0 

1.9 

38.0 

2.1 

27.3 

2.1 

32.0 

2.0 

36.6 

2.6 

2.2 

28.5 

2.2 

33.0 

2.1 

37.1* 

2.1 

1*1.6 

2.3 

30.5 

2.2 

35.7 

2.2 

70.3 

”278 

"273” 

”31.7 " 

"273“ 

"35.7 “ 

"272“ 

1*7.7" 

"272" 

"1*7.7 " " 

" "271*" 

"37.7 " 

"273" 

"37.7 " 

"273" 

"77.T 

3.0 

2.5 

37.7 

2.1* 

39.6 

2.1* 

1*1*. 5 

2.3 

1*9.3 

2.6 

37.7 

2.5 

72.8 

2.5 

78.1 

3.2 

2.6 

38.0 

2.6 

U3.2 

2.5 

1*8.3 

2.5 

53.1* 

2.7 

71.1 

2.6 

76.7 

2.6 

52.2 

”37iT ” 

“278“ 

"7T.3 " 

"277" 

”1*6.7 " 

"277" 

"52.7 ~ 

"276“ 

"57.7 

" "278" 

"77.7 “ 

"278“ 

"50.7 " 

"278“ 

"53.7 

3.6 

2.9 

75.2 

2.8 

50.8 

2.8 

56.1* 

2.7 

61.9 

3.0 

79.0 

2.9 

57.9 

2.9 

60.8 

3.8 

3.0 

79.1 

3.0 

51*. 9 

2.9 

60.6 

2,9 

66.3 

3.1 

53.2 

3.1 

59.3 

3.0 

65.3 

7.0 

3.2 

53.1 

3.1 

59.0 

3.1 

61*. 9 

3.0 

70.8 

3.3 

57.6 

3.2 

63.8 

3.2 

70.0 


15% Land Slope ___ _ 16% Land Slope 


1.6 

1.5 

17.5 

1.5 

21.3 

1.5 

25.1 



19.0 

1.6 

23.2 

TT 

27.3 

1.8 

1.7 

20.3 

1.7 

27.7 

1.7 

28.5 


1.8 

21.9 

1.7 

26.7 

1.7 

30.8 

2.0 

1.9 

23.2 

1.8 

27.6 

1.8 

32.0 


1.9 

25.0 

1.9 

29.8 j 

1.9 

37.5 

"272” " 

"270" 

"20.7 “ 

" 270 " 

"37.0 " 

"270" 

"33.3 " 


" "27l" 

"2B.7 " 

" 270 " 

"37.7 " 

"270" 

"37.7 

2.7 

2.2 

29.5 

2.1 

37.5 

2.1 

39.7 


2.2 

31.8 

2.2 

37.2 

2.2 

72.5 

2.6 

2.3 

32.9 

2.3 

38.2 J 

2.2 

73.7 


2.7 

35.5, 

2.3 

71.2 , 

2.3 

76.8 

"278"" 

" 575 " 

"33.3 “ 

"277” 

"75.0 " 

"277" 

"77.3 " 


"" 276 " 

"33.7 " 

" 575 " 

"73.7 " 

"275" 

" 51.7 

3.0 

2.6 

70.3 

2.6 

76.1 

2.6 

51.8 


2.7 

73.5 

2.6 

79.8 

2.7 

56.0 

3.2 

2.7 

77.3 

2.7 

50.3 _ 

2.7 

56.3 


2.8 

77.8 

2.8 

57.7 , 

2.8 

60.9 

"377" " 

"279" 

"77.3 " 

"279" 

"57.7" 

"279" 

"60.3" 


" "37o" 

"55.3" 

" 579 " 

" 59 . 7 " 

"370" 

"65.0 

3.6 

3.1 

52.9 

3.0 

59.3 

3.0 

65.7 


3.1 

57.0 

3.1 

67.2 

3.1 

71.3 


1/ - In Feet 


2/ - In Square Feet Per Foot 


5 , L—17,830.15 










r 


c 




Total 
Height of 
Diversion 
Above 
Channel 


CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR ” 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
U:1 Channel and Ridge Slopes U Ft. Ridge Top Width 

1# Land Slope 


Channel Bottom Width - Feet 



1/ - In Feet 


2/ - In Square Feet Per Foot 


5, L—17,830.16 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25*1.00 
k* 1 Channel and Ridge Slopes k Ft. Ridge Top Width 

3% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 





Channel Bottom Width 

- Feet 








_k!_ 

6» 

8' 

10' 

12» 

1 

k» 

16» 

_18J_ 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.1 

8.7 

1.0 

9.9 

0.9 

11.1 

0.9 

12.2 

0.9 

13.3 

0.8 

lk.k 

0.8 

15. k 

0.7 

l6.k 

1.8 

1.2 

10.3 

1.1 

11.6 

1.1 

13.0 

1.0 

lk. 2 

1.0 

I5.k 

0.9 

16.6 

0.9 

17.8 

0.9 

18.9 

2.0 

1.3 

12.0 

1.2 

13. k 

1.2 

15.0 

1.1 

16.3 

1.1 

17.7 

1.0 

19.0 

1.0 

20. k 

1.0 

21.6 

”272 

”17IT 

"l7.7 " 

"173" 

" 7573" 

"173" 

"17.7 ' 

' 1.7 ' 

’ 1875" 

" 1.7' 

' 7070" 

" 1.1 ' 

■7175“ 

"7.7‘ 

‘ 7370"' 

' ”l7l" 

"27.1T 

2.k 

1.5 

15.7 

1.5 

17. k 

l.U 

19.2 

1.3 

20.8 

1.3 

22.5 

1.3 

2k. 1 

1.2 

25.7 

1.2 

27.3 

2.6 

1.7 

17.7 

1.6 

19.6 

1.5 

21.5 

1.5 

23.3 

l.k 

25.1 

L ^ 

26.9 

1.3 

28.6 

, 1.3 

30.3 

”278 - 

"178- 

"17.7 " 

"17T 

” 7179” 

"176" 

"27.7 ■ 

*1.5' 

’ 7578“ 

"1.7' 

' 7778“ 

” 7.7' 

*7977“ 

" 1.5 ' 

’ 7176“ 

' "17k" 

"37.7 

3.0 

1.9 

22.0 

1.8 

2k. 3 

1.7 

26. U 

1.7 

28.k 

1.6 

30.6 

1.6 

32.7 

1.6 

3k. 7 

1.5 

36.7 

_ 3 i 2 _ 

2.0 

2k. 3 

1.9 

26.7 

1.9 

29.1 

1.8 

31.3 

1.7 

33.6 

1.7 

35.8 

_ 1.7 

37.9 

1.6 

ko.o 

"37k 

"271" 

25.7 

"271” 

" 7972" 

"270" 

"31.5 

' 1.7“ 

' 7k72" 

*7.7' 

7676“ 

“ 7.73 ' 

’ 7879" 

7.7 

* HiTiT' 

- "177" 

"k7.7 

3.6 

2.2 

29.3 

2.2 

31.9 

2.1 

3k. 6 

2.0 

37.2 

2.0 

39.7 

1.9 

k2.2 

1.9 

kk.6 

1.8 

k7.1 

3.8 

2.k 

32.0 

2.3 

3k. 7 

2.2 

37.5 

2.1 

k0.3 

2.1 

k3.0 

2.0 

k5.6 

2.0 

k8.2 

1.9 

50.8 

k.0 

2.5 

3k. 8 

2.k 

37.7 

2.3 j 

k0.6 

2.3 

k3.5 

2.2 

k6.k 

2.1 

k9.1 

2.! 

51.9 

2.0 

5k. 6 


1$ Land Slope 


1.6 

1.1 

9.5 

1.1 

11.0 

1.0 

12. k 

1.0 

13.7 

0.9 

15.0 

0.9 

16.2 

0.8 

17.5 

0.8 

18.7 

1.8 

1.2 

11.3 

1.2 

12.8 

1.1 

lk.k 

1.1 

15.9 

1.0 

17.3 

1.0 

18.7 

1.0 

20.0 

0.9 

21.3 

2.0 

l.k 

13.1 

_1.3_ 

lk.8 

1.3 

16.5 

1.2 

18.2 

1.2 

19.8 

1.1 

21.3 

1.1 

22.8 

1.0 

2k. 2 

"572 

"175" 

"17.S 

l.U 

16.9 

l.U 

17.7 

1.7 1 

70.6 

1.7 

72.3 

“ 1.7 ' 

' 7k. o" 

1.7 

7576 

“ "172" 

27.7 

2,k 

1.6 

17.1 

1.5 

19.1 

1.5 

21.1 

l.U 

23.1 

l.U 

25.0 

1.3 

26.8 

1.3 

28.6 

1.3 

30.3 

2.6 J 

1.7 

19.2 

1.7 

21. k 

1.6 

23.6 

1.5 

25.7 

1.5 

27.8 

1.5 

29.8 

l.U 

31.7 

l.k 

33.6 

"278- 

"179" 

"2T.7" 

"178T 

“7378" 

"cr 

"27.7 * 

■1.7' 

■787k" 

“1.7* 

’7<rr 

-1.5' 

*7278" 

"1.7' 

’ 7k79" 

'"175" 

"35.7 

3.0 

2.0 

23.9 

1.9 

26. k 

1.9 

28.9 

1.8 

31.3 

1.7 

33.7 

1.7 

36.0 

1.6 

38.3 

1.6 

kO.k 

3.2 

2.1 

26.5 

2.0 

29.1 

2.0 

31.8 

1.9 

3k. 3 

1.8 

36.8 

1.8 

39.3 

L l* 8 

kl. 7 

1.7 

kk. 1 

"37k 

"272" 

"27.1 " 

"271" 

"7179“ 

“271" 

"37.7 “ 

■7.7“ 

' 777k"' 

“ 7.7 * 

‘ 7071" 

"1.7‘ 

•TJ278T 

"1.7* 

’ 7573"' 

-"178“ 

"k7.7 

3.6 

2.3 

31.9 

2.3 

3k. 8 

2.2 

37.8 

2.1 

k0.7 

2.1 

k3.5 

2.0 

k6.3 

2.0 

k9.1 

2.0 

51.8 

3.8 

2.5 

3k. 8 

2.k 

37.8 

2.3 

ko.9 

2.3 

kk.O 

2.2 

k7.0 

2.2 

50.0 

2.1 

52.9 

2.1 

55.9 

k.O 

2.6 

37.8 

2.5 

kl.O 

2,k 

kk.2 

2.k 

k7.k 

2.3 

50.7 

2.3 

53.8 

2.2 

56.9 

2.2 

60.0 


1/ - In Feet 2/ - In Square Feet Per Foot 


5. L-17,830.17 


A. 








Page 2 of k 















I *h «—( cmcvjcvjcvjoj rvc^ m 



CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR ” 

DIVERSIONS WITH CUT-FILL RATIO 1.25*1.00 
U*1 Channel and Ridge Slopes U Ft. Ridge Top Width 



1 / - In Feet 2/ - In Square Feet Per Foot 


5, L—17.8:30.18 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR 

DIVERSIONS WITH CUT-FILL RATIO 1.25*1*00 
7:1 Channel and Ridge Slopes 7 Ft. Ridge Top Width 

7% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 

— U> — 
1.8 
2.0 

” 272 “ “ 

2.7 

2.6 

“27r” 

3.0 

3.2 

”37ir ■ 

3.6 

3.8 
7.0 


Channel Bottom Width - 


Area 

12.3 
17.5 

16.9 
T977” 
22.0 
27.8 
777eT 
31.0 

37.3 

ir.r 

71.2 

77.9 
78.7 


Area 

17.5 
16.9 

19.5 
■ 5273 “ 

25.1 

28.1 
7173” 
37. 6 
38.1 
7i7T 

75.5 
1*9.3 
53.3 


Cut 

Area 

1.2 

16.6 

1.3 

19.3 

1.5 

22.2 

T.7" 

’7571” 

1.7 

28.2 

1.9 

31.1* 

2.7* 

■7U7T 

2.1 

38.2 

2.3 

1*1.9 

7.7' 

•757T 

2.5 

1*9.6 

2.7 

53.7 

2.8 

57.9 


_10*_ 

Cut Area 

1.2 18.7 

1.3 21.6 
l.h 2k.7 
T.<5 - ?77£T 

1.7 31.0 

1.8 37. k 

2.7 " 7870” 
2.1 1 * 1.7 
2.2 1*5.5 

?.7"U97r 

2.5 53.7 

2.6 58.0 
2.7 62.1* 


Area 

20.8 

23.9 

27.1 

7071T 

33.8 
37.1* 
71172” 
1*5.1 
1 * 9.2 
7371*” 

57.8 
62.3 

66.9 


1.3 

13.1* 

1.3 

16.0 

1.1* 

15.8 

1.1* 

18.6 

1.6 

18.3 

1.6 

21.1* 

” ” T.7 * 

' 7l70“ 

” 7.7 ' 

■71*77” 

1.9 

23.9 

1.8 

27.5 

2.0 

27.0 

2.0 

30.8 

” ” 7.7 * 

' 7073” 

” 7.7 * 

' 71*72” 

2.3 

33.7 

2.3 

37.8 

2,1* 

37.3 

2.1* 

71.6 

” ” 7.7 * 

* 7i7o” 

” 7.7' 

‘757r 

2.7 

1*1*. 9 

2.7 

1*9.6 

2.9 

1*8.9 

2.8 

53.8 

3.0 

53.0 

3.0 

58.2 


1.3 

18.5 

l.l* 

21.7 

1.5 

27.5 

T.7 ‘ 

'ir.r 

1.8 

31.1 

2.0 

37.6 

7.T" 

’ 7872“ 

2.2 

71.9 

2.7 

75.8 

7.7’ 

‘i9zr 

2.6 

57.2 

2.8 

58.7 

2.9 

63.3 


1.2 

21.0 

1.2 

23.7 

1.3 

27.1 

1.3 

26.8 

1.5 

27.7 

L 1.5 

30.3 

“T.7* 

' 7078- 

'T.7' 

‘ 7379” ' 

1.8 

37.7 

1.7 

37.7 

1.9 

38.1 

1.9 

71.6 

“7.TT 

’ 7179” ' 

'7.7' 

‘7576“' 

2.2 

75.9 

2.1 

79.8 

2.3 

5o.i 

2.3 

57.2 

“7.7* 

' 7777”' 

"7.7' 

-787Er' 

2.6 

58.9 

2.5 

63.5 

2.7 

63.6 

2.7 

68.7 

2.9 

68.7 

2.8 

73.7 


1778 " 

29.1* 

33.1 
7679“ 
1*0.9 
1 * 5.0 
7973“ 
53.7 
58.3 
7371“ 
68.0 

73.1 

78 . 1 * 


1/ - In Feet 


2/ - In Square Feet Per Foot 


5,L—17,830.19 












CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR “ 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
6:1 Channel and Ridge Slopes k Ft. Ridge Top Width 


1% Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 





Channel Bottom Width 

- Feet 








k!_ 

6» 

8* 

10* 

12* 

1 

k» 

16» 

_18*_1 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.0 

9.3 

0.9 

10.3 

0.9 

11.2 

0.8 

12.1 

0.8 

12.9 

0.8 

13.7 

0.7 

lk. 5 

6.7 

15.3 

1.8 

1.1 

11.1* 

1.0 

12.1* 

1.0 

13.k 

0.9 

lk.k 

0.9 

15.3 

0.9 

16.2 

0.8 

17.0 

0.8 

17.9 

2.0 

1.2 

13.6 

1.1 

lk. 6 

1.1 

15.7 

1.0 

16.8 

L i*° j 

17.8 

1.0 

18.8 

0.9 

19.7 

L °*9 

20.7 

“272 

”173“ 

"15.9 " 

”172" 

"TOT 

"172" 

"l3.3 ‘ 

’ T.T * 

’ T973" 

"T.T' 

“ 3o7k" 

"T.T' 

-3175" 

’T.3' 

‘ 3276" ' 

“ "170" 

"23.3 

2.k 

1.1* 

18.3 

1.3 

19.5 

1.3 

20.8 

1.2 

22.0 

1.2 

23.2 

1.2 

2k. k 

1.1 

25.6 

1.1 

26.7 

2.6 

1.5 

20.8 

1.1* 

22,1 

l.k 

23.5 

1.3 

2k. 8 

1.3 

26.1 

1.3 

, 27. k 

1.2 

28.7 , 

1.2 

29.9 

“278- 

-176- 

"23.3 ‘ 

-176- 

" 3k78“ 

"175" 

"23.3 ^ 

' T.3' 

"ir.r 

"T.3^ 

"3571" 

" T.3' 

"3076- 

" T.3 ' 

■ 327cr' 

' ”173" 

"33.3 

3.0 

1.7 

26.0 

1.7 

27.6 

1.6 

29.2 

1.6 

30.7 

1.5 

32.3 

1.5 

33.9 

l.k 

35. k 

l.U 

36.8 

_3.2_ 

1.8 

28.7 

1.8 

30.5 

1.7 

32.2 

1.7 

33.8 

1.6 

L 35.6 

1.6 

37.3 

1.5 

38.9 , 

1.5 

kO.k 

3 mk 

“270" 

"3T.3 

”179" 

" 3375" 

"178" 

"33.3' 

T.3 

' 3771" 

” T.7' 

‘ 357o" 

" T.7 ' 

" 3o78" 

" T.7 ‘ 

‘ H275" ' 

" ”176" 

"k3.T 

3.6 

2.1 

3k. k 

2.0 

36.6 

1.9 

38.5 

1.9 

ko.5 

1.9 

k2.5 

1.8 

kk.k 

1.8 

k6.2 

1.7 

k7.9 

3.8 

2.2 

37.1* 

2.1 

39.6 

2.1 

kl.8 

2.0 

kk.O 

2.0 

k6.1 

1.9 

k8.1 

1.9 

5o.i 

1.8 

51.9 

U.o 

2.3 

k0.6 

2.2 

k3.0 

2.2 

k5.3 

2.1 

k7.6 

2.1 

k9.8 

2.0 

52.0 

2.0 

5k. l 

1.9 

56.0 


2% Land Slope 


1.6 

1.0 

10.5 

1.6 

11.7 

0.9 

12.8 

0.9 

13.9 

0.9 

i5.o 

0.8 

16.0 

0.8 

17.0 

0.8 

18.0 

1.8 

1.1 

12.7 

1.1 

lk.o 

1.1 

15.2 

1.0 

16. k 

1.0 

17.6 

0.9 

18.8 

0.9 

19.9 

0.9 

21.0 

2.0 

1.3 

lk.9 

1.2 

16. k 

1.2 

17.7 

1.1 

19.1 

1.1 

20. k 

1.1 

21.7 

1.0 

23.0 

1.0 

2k. 2 

"272 

"17k" 

"17.3 " 

"173" 

"Ts:r 

"173" 

"275.3' 

■T.3' 

’ 3i79" 

"T.3- 

" 337k" 

"T.3’ 

*3k7£T 

" T.T ” 

■ 3672"' 

‘ "171" 

"27.3 

2.k 

1.5 

19.7 

l.U 

21.5 

l.U 

23.2 

1.3 

2k. 9 

1.3 

26.5 

1.3 

28.1 

1.3 

29.6 

1.2 

31.1 

2.6 

1.6 

22.5 

1.6 

2k. k 

1.5 

26.2 

1.5 

28.1 

l.U 

29.8 

l.U 

31.5 

l.k 

33.2 j 

1.3 

3k. 8 

"278- 

"17T 

"23.3 " 

"i7r 

"377k" 

"176" 

"27.3 ' 

■T.3' 

■ 3nr 

"T.3’ 

‘ 3373" 

" T.3' 

■3571" 

" T.3' 

‘3679"' 

‘ "17k" 

"33.7 

3.0 

1.9 

28.5 

1.8 

30.6 

1.7 

32.7 

1.7 

3k. 8 

1.7 

36.9 

1.6 

38.9 

1.6 

ko.8 

1.5 

k2.7 

3.2 j 

2.0 

31.7 

1.9 

3k. 0 

1.8 

36.2 

i.8 

38.k 

_ 1.8 

k0.6 

1.7 

, k2.7 

L 

j 

1.7 

k6. 9 

"37k- 

"271" 

"33.T H 

"270" 

”3775" 

"270" 

"37.3 ‘ 

‘T.7' 

’ 3271" 

"T.7' 

“ 3k7k" 

" T.3 ’ 

-367T 

" T.3' 

' 3879" ■ 

" "178" 

"5T.T 

3.6 

2.2 

38.6 

2.1 

kl.l 

2.1 

k3.5 

2.0 

k6.0 

2.0 

k8.k 

2.0 

5o.8 

1.9 

53.1 

1.9 

55. k 

3.8 

2.3 

k2.2 

2.3 

kk.8 

2.2 

k7.k 

2.2 

50.0 

2.1 

52.5 

2.1 

55.1 

2.0 

57.5 

2.0 

59.9 

k.0 

2.5 

k5.9 

2.k 

k8.7 

2.3 

5l.k 

2.3 

5k. l 

2.2 

56.9 

2.2 

59.5 

2.1 

62.0 

2.1 

6k. 5 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR “ 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
6:1 Channel and Ridge Slopes 7 Ft. Ridge Top Width 

Jfo Land Slope 


Total 
Height of 
Diversion 






Channel Bottom Width 

- Feet 







Above 


t!_ 

6* 


3* 

10* 

12* 

1 


16* 

11 

3* 

Channel 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.1 

11.9 

1.1 

13. a 

1.0 

ia.7 

1.0 

16.1 

1.0 

17. a 

0.9 

18.7 

0.9 

20.0 

0.9 

21.2 

1.8 

1.2 

ia.i 

1.2 

15.7 

1.1 

17.3 

1.1 

18.9 

1.1 

20. a 

1.0 

21.9 

1.0 

23.3 

1.0 

2a. 7 

2.0 

1.3 

16.5 

1.3 

18.3 

1.3 

20.1 

1.2 

21.9 

1.2 

23.6 

1.1 

25.2 

1.1 

26.8 

1.1 

28. a 

272 "‘ 

’“175“ 

"H.T " 

“17a" 

" 7171" 

"17a" 

"27.1 ‘ 

’ T.7 ’ 

*7570" 

‘T.7 

“ 7679“ 

‘1.7 ' 

*787f 

” 1.7 ‘ 

" 7075" * 

' -172- 

■37.7 

2. a 

1.6 

21.9 

1.5 

2a. 1 

1.5 

26.2 

1.5 

28.3 

i.a 

30. a 

i.a 

32. a 

i.a 

3a. a 

1.3 

36, a 

2.6 

1.7 

2a. 9 

1.7 

27.3 

1.6 

29.6 

1.6 

31.9 

1.5 , 

3a. 1 

1.5 

36.3 

1.5 

38.5 j 

i.a 

ao.6 

"278- 

' "178” 

"27.7 “ 

-178“ 

"707 r 

"cr 

”37.7 ■ 

■T.7' 

’ 7576” 

”1.7' 

■7870" 

"1.7‘ 

" 7o77“ 

” 1 . 7 - 

■ 727 r M 

176" 

"a7.7 

3.0 

2.0 

31.7 

1.9 

3a. a 

1.9 

37.0 

1.8 

39.6 

1.8 

a2.i 

1.7 

aa.6 

1.7 

a7.i 

1.7 

a9.5 

3.2 

2.1 

35. a 

2.0 

38.2 

2.0 

ai.o 

1.9 

a3.7 

1.9 

a6.a 

1.9 

79.1 

L 1*8 

51.7 1 

1.8 

5a.3 

‘37U 

' "272" 

"3-9.7 " 

“272" 

" 7273“ 

‘271” 

”a7.7' 

’ 7.T ' 

‘787CT 

” 7.7 ' 

"7079“ 

” 7.7 * 

’ 737r 

” 7.7 ‘ 

‘7675“ 

”179" 

”57.7 

3.6 

2. a 

73. a 

2.3 

a6.5 

2.2 

a9.5 

2.2 

52.5 

2.2 

55.5 

2.1 

58.5 

2.1 

61. a 

2.1 

6a. 3 

3.8 

2.5 

a7.6 

2. a 

50.8 

2. a 

5a. 0 

2.3 

57.2 

2.3 

60.3 

2.2 

63. a 

2.2 

66.5 

2.2 

69.5 

a.o 

2.6 

52.1 

2.6 

55. a 

2.5 

58.7 

2.5 

62.0 

2. a 

65.3 

2. a 

68.5 

2.3 

71.8 

2.3 

75.0 


7% Land Slope 


1.6 

1.2 

13.5 

1.1 

15.2 

1.1 

16.8 

l.l 

18.5 

1.0 

20.1 

1.0 

21.7 

1.0 

23.3 

1.8 

1.3 

16.2 

1.3 

18.1 

1.2 

19.9 

1.2 

21.8 

1.2 

23.6 

1.1 

25.7 

1.1 

27.2 

2.0 

i.a 

19.1 

1«U 

21.2 

1.3 

23.2 

1.3 

25.3 

1.3 

27.3 

1.2 

29.3 

1.2 

31.3 

"272“ H 

“176“ 

”27.7 “ 

"175" 

”7a75" 

‘175” 

“27.7 ^ 

-1.7' 

■ 7970“ 

"1.7' 

’ 1172- 

"1.7' 

* 7377” 

"1.7' 

‘1575“ 

2.a 

1.7 

25.5 

1.7 

28.0 

1.6 

30.5 

1.6 

32.9 

1.5 

35.3 

1.5 

37.7 

1.5 

70.0 

2.6 

1.8 

28.9 

1.8 

L 31.6 

1.7 

3a. 3 

1.7 

37.0 

1.7 

39.6 

1.6 1 

72.1 

1.6 

aa.6 

-278- - * 

’ "270" 

"37.7 ” 

”179" 

"7575” 

”179" 
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■T.7' 

' 7172“ 

” 1.7 ' 

’ 777o 

" 1.7 ’ 

- 7678" 

" 1.7 ' 

-7975- 

3.0 

2.1 

36.5 

2.0 

39.6 

2.0 

a 2.7 

2.0 

75.7 

1.9 

78.7 

1.9 

51.6 

1.9 

57.5 

3.2 

2.2 

ao.6 

2.2 

a3.9 

2.1 

77.2 

2.1 

50.3 

2.0 

53.6 

2.0 

56.7 

2.0 

59.8 

‘37a— 

" "27a” 

”77.7 “ 

"273” 

" 787a" 

"273“ 

"5T.7- 

■7.7- 

■7571" 

“7.7' 

"7875” 

"7.1- 

‘7178" 

"7.1- 

‘757i" 

3.6 

2.5 

a9.a 

2.5 

53.0 

2. a 

56.6 

2.3 

60.2 

2.3 

63.7 

2.3 

67.2 

2.3 

70.7 

3.8 

2.6 

5a. 1 

2.6 

57.9 

2.5 

61.6 

2.5 

65.7 

2. a 

69.1 

2.7 

72.8 

2.7 

76.7 

a.o 

2.8 

59.0 

2.7 

63.0 

2.7 

66.9 

2.6 

70.8 

2.6 

77.6 

2.5 

78.5 

2.5 

82.7 


1/ - In Feet 2/ - In Square Feet Per Foot 
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CHANNEL CENTER LINE DEPTH OF CUT 1/ AND AREA OF EXCAVATION 2/ 

FOR " 

DIVERSIONS WITH CUT-FILL RATIO 1.25:1.00 
6:1 Channel and Ridge Slopes 1* Ft. Ridge Top Width 

5$ Land Slope 


Total 
Height of 
Diversion 
Above 
Channel 




Channel Bottom Width 

- Feet 







1** 

6* 

8* 

10» 

12* 

11 

+ • 

16* 1 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

Cut 

Area 

1.6 

1.2 

15.3 

1.2 

17.3 

1.2 

19.3 

1.1 

21.<3 

1.1 

23.2 

1.1- 

25.2 

1.1 

27.1 

1.8 

1#U 

18.2 

1.3 

20.5 

1.3 

22.7 

1.3 

2U. 9 

1.2 

27.0 

1.2 

29.2 

1.2 

31.3 

2.0 

1.5 

21.1* 

1.5 

23.9 

l#U 

26 . 1* 

1.1* 

28.8 

l.U 

31.1 

1.3 

33.5 

1.3 

35.8 

“272“ “ 

“i76“ 

“27.-9 " 

"176“ 

"27.7 “ 

”176" 

“37.7 " 

"178" 

"37.7 J 

"178" 

“37.7 “ 

"178" 

”37.7 “ 

"171*" 

1 * 5.7 

2.1* 

1.8 

28.7 

1.7 

31.6 

1.7 

31*. 5 

1.7 

37.3 

1.6 

1*0.2 

1.6 

1*3.0 

1.6 

1 * 5.7 

2.6 

1.9 

32.8 j 

1.9 

35.9 

1.8 

39.0 

1.8 

1*2.1 

1.8 

1*5.1 j 

1.7 

1*8.1 

1.7 

51.0 

"278-“ 

"27 f 

"37.7 “ 

”270” 

"LT3.7 “ 

“270“ 

"13.7“ 

”179“ 

"1*7/5 “ 

"179" 

”85.7" 

“17<T 

"83.11 

"179" 

"85.7 

3.0 

2.2 

Ul .8 

2.2 

1:5.3 

2.1 

1+8.7 

2.1 

52.1 

2.0 

55.5 

2.0 

58.9 

2.0 

62.2 

3.2 

2.3 

I 16.6 

2.3 

50.3 

2.3 

53.9 

2.2 

57.5 

2.2 

61.0 

2.1 

61*. 5 

2.1 

68.0 

”371: 

"278" 

"81.7 “ 

"27U” 

"85.7 ” 

"271*" 

"89.7 7 

■27 ir 

"65.7 7 

273"! 

“65.7“ 

”273“ 

"75.3 " 

“273" 

”73.7 

3.6 

2.6 

56.7 

2.6 

60.7 

2.5 

61*. 6 

2.5 

68.5 

2.5 

72.3 

2.1* 

76.1 

2.1* 

79.9 

3.8 

2.8 

61.9 

2.7 

66.0 

2.7 

70.1 

2.6 

7U. 1 

2.6 

78.1 

2.5 

82.1 

2.5 

86.0 

l*.o 

2.9 

67.2 

2.9 

71.5 

2.8 

75.7 

2.8 

79.9 

2.7 

81*. 0 ; 

2.7 

88.1 

2.7 

92.2 


1/ - In Feet 2/ - In Square Feet Per Foot 
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Yardage Conversion Chart for Diversions 

Cubic Yards of Excavation 
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Definition 


PART 7 
DRAINAGE 
1, GENERAL 




Drainage is defined as the removal and disposal of excess water from 
agricultural lands by artificial methods. The excess water may be water 
which accumulates on the land surface, or it may be excess ground water 
causing a high water table condition in or near the root zone. 

Surface drainage is defined as the removal and disposal of excess 
surface water, from any source, which is present above the ground surface. 

Subsurface drainage is defined as the removal and disposal of excess 
ground water which is causing a high water table condition to exist. 

Ground water is defined as any free or gravitational water present below 
the surface of the ground. 

Adaptability, Benefits and Limitations 

Agricultural drainage is adaptable to most areas where excess surface 
water or ground water is a problem. Open ditches are usually employed for 
surface drainage and either open ditches or covered drains are used for 
subsurface drains. The type of drainage system to be installed must be 
adapted to topographic, climatic, soil, subsoil, and ground water condi¬ 
tions present. Each drainage problem requires individual consideration 
of existing conditions and the system planned must be tailored to fit local 
conditions. In areas of extremely heavy soil, with very slow permeability, 
it may not be possible to effect good drainage. This condition must be 
recognized and made known to the landowner. In some areas adverse topo¬ 
graphic conditions may virtually prohibit establishing agricultural drain¬ 
age. This is true of some closed-basin or pothole areas where the cost of 
establishing an outlet may be excessive. There are also areas of alkaline 
soil, which in addition to needing drainage, msy require costly treatment 
with chemical amendments. Where these conditions sue present, the cost of 
reclamation through drainage may be prohibitive. 

Agricultural drainage is beneficial in many ways. It makes possible 
timely farming operations without delay because of wetness. Soil bacterial 
action is improved by removing water from the pore spaces in the soil. The 
roots of plants and the soil bacteria must have access to oxygen from the 
air. Soils that sue properly drained will "warm up" more quickly than 
super-saturated soils, and this permits esulier planting and better germ¬ 
ination. In cases where the water table is lowered through drainage, the 
active root zone depth is increased allowing plants to develop their 
natural root patterns. Where excessive soluble salts are present in the 
soil profile, good subsurface drainage will establish downward percolation 
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Adaptability, Benefits and Limitations (con^d) 

of water In the soil profile, and will permit leaching of the soluble 
salts. These are but a few of the many benefits to be realized through 
good drainage. 

The limitations on agricultural drainage are few, but important, and 
should be stressed. Land use capability should be determined in advance 
of drainage planning to insure that the lands drained will be improved 
sufficiently to warrant the expense of drainage. There are limitations on 
drainage in areas of "droughty soils", subject to a high water table and 
where the crops are subirrigated. In all cases the cost of drainage must 
be determined and weighed against the anticipated benefits. 

When designing or installing drainage systems, compliance with state 
laws on the diversion or drainage of water must be adhered to. 

Relationship to Other Practices 

Agricultural drainage is one of many conservation practices applied 
to the land. It should be conceived and planned as a part of the overall 
farm or ranch plan and should be integrated with other land treatment 
practices. 

In irrigated areas the function of drainage is to remove excess irri¬ 
gation waste water, runoff from precipitation, and to lower water table 
levels. It is essential that every irrigation system be provided with a 
surface drainage system to dispose of runoff and waste water. In develop¬ 
ing plans for a new or prospective irrigation system, surface drains should 
be planned as an integral part of that system. The need for subsurface 
drainage may or may not be evident at the time of planning the irrigation 
system} however, provision should be made for a main outlet system for 
subsurface drainage in the event that it is needed. 

Wherever fields are considered for land leveling, smoothing or grading 
operations, surface drainage should be planned as a part of that operation. 
The plan for leveling or grading should consider the conveyance of all 
excess surface water to a planned drainage system. 

Areas Requiring Drainage 

Surface Drainage. Surface drainage is necessary on all lands where 
flooding and inundation cause frequent damage to crops. Surface drains 
are seldom designed to remove the peak flood flow from any given drainage 
area. Usually the drains are designed to remove only a part or portion 
of the peak flow as most crops can tolerate some degree of flooding with¬ 
out damage. Drains are designed to remove a certain quantity of water 
based on the removal of a certain depth of water from the land surface in 
a period of 2k hours. These rates of removal vary for different areas, 
but are in the general range of 3/8-inch to one inch removal in 2k hours. 
This rate of removal is often given in terms of "cubic feet per second per 
unit area" rather than in inches removal in 2k hours. 
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Areas Requiring Drainage (cont’d) 

Surface Drainage (contM) 

In extremely flat areas where there is no appreciable slope to the 
land surface and where there are minor undulations, surface drainage is 
usually a major problem. In areas such as this, land smoothing or grading 
to fill in the low areas is an accepted practice and will reduce damage 
or crop loss considerably. This is a practice that can be employed regard¬ 
less of the other drainage facilities installed. The practice of bedding 
has been used with some success on extremely flat lands. Bedding involves 
dividing a field into narrow lands 30 to 100-feet in width similar to the 
strips laid out for strip cropping practices. Each bed or land is plowed 
as a separate field with the back furrow in the center of the bed and dead 
furrows on both edges. Plowing in this manner over a period of years tends 
to form a crown in the center of each bed or land and provides a slight 
slope or gradient to the dead furrows. These dead furrows serve as shallow 
field drains - each drains an area equal to the area of the bed. An out¬ 
let ditch must be provided to serve as a main outlet for these field drains 
made by the dead furrows. 

Flat lands with inadequate natural surface drainage are the most common 
problem encountered in surface drainage work. It includes a large group 
of problem areas where there is some degree ofnatural surface drainage 
but not enough to prevent frequent damage from flooding. The existing 
natural drainage pattern must be supplemented by surface drains designed 
to remove the quantity of excess water as computed by applying the proper 
drainage coefficients to the area drained. There is no standard or set 
pattern for surface drainage systems of this kind. The location and spac¬ 
ing of drains is usually dictated by topographic conditions, soil conditions 
and by cultural features. 

Closed basin or pothole areas are common in many regions. Providing 
surface drainage for these areas involves a careful consideration of topo¬ 
graphic conditions as well as the features of the outlet. Economic and 
land capability considerations are very important. The potential value 
of the reclaimed area should be carefully weighed against the cost of 
drainage construction. The present land use should also be carefully con¬ 
sidered in light of the potential land use. Small pothole areas located 
in large field hinder and slow up farming operations and sire considered 
"nuisance areas". 

Land subject to periodic flooding from rivers and streams includes 
the floodplain areas adjacent to rivers or streams. The problem in these 
areas is to provide surface drainage of the depressions and low areas 
present in the floodplain area subsequent to the return of the stream to 
its normal channel. Open-type gravity drains are generally used to correct 
this situation, however, there is an element of danger involved in using 
open-type drains where channel-changes may take place. This is a point 
that should be given careful study and consideration. Where there is a 
possibility of channel-changes taking place, open drains may be diked on 
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Areas Requiring Drainage (cont*d) 

Surface Drainage (cont *d) 

their stream side and restricted culvert-type surface water outlets pro¬ 
vided to the open drain. Another method is to install tile drains with 
restricted surface water inlets. Either of these methods will reduce the 
possibility of channel-changes taking place. 

Levee lands constitute a special problem in areas adjacent to major 
streams and rivers where levees or dikes have been installed. The problem 
in these areas is to provide an outlet for drainage systems during the 
period when the stream or river is in flood stage. During periods of low 
stage, gravity outlets will provide drainage through gates in the levee. 
During hic^i stages drainage can be provided by automatic pumping stations 
at strategic low points along the levee. As this is a rather specialized 
problem in drainage, it will not be covered in this handbook. Reference 
is made to U.S.D.A. Technical Bulletin No. 1008 entitled "Drainage and 
Operation of Drainage Pumping Plants". 

Subsurface Drainage . In non-lrrigated areas high water table condi- 
tions are caused by a combination of adverse soil and climatic conditions. 
Usually this occurs in areas of high rainfall and with soils that have rather 
slow internal drainage. As a result of this set of conditions, the water 
table will rise causing damage to crops. The solution to this problem lies 
in providing either open or closed-type subsurface drains at a depth and 
with a spacing sufficient to lower high water table levels. The most 
common practice used is to install tile drains on some uniform pattern such 
that the highest elevation of the new water table surface established will 
be low enough to permit proper plant growth. 

There are also some high water table areas that are topographically low 
in relation to the surrounding general area. Because of their low position, 
the water table is too close to the land surface for good crop production. 
Examples of these would be "slope-break" areas along major valleys and 
isolated depression areas caused by glacial action. The treatment of these 
areas is the same as for other high water table areas. The problem is 
often difficult to visualize and to recognize in the field. 

Geologic conditions are sometimes responsible for isolated vet areas. 
Subsurface explorations generally reveal that these geologic formations 
are retarding or preventing ground water flow, thereby causing a localized 
high water table condition. Situations of this kind require extensive 
boring to locate underground barriers and to determine their extent and 
effect on ground water levels. It is usually advisable to enlist the 
services of a geologist to interpret these conditions. 

High water table conditions requiring subsurface drainage are common 
in irrigated areas. The chief reasons for these conditions are poor irri¬ 
gation methods, careless irrigation operations and lack of adequate waste 
water disposal systems. Improved irrigation methods and practices can 
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Areas Requiring Drainage (contM) 

Subsurface Drainage (cont*d) 

materially reduce subsurface drainage problems, however, even with the 
highest irrigation efficiency obtainable, there may be extensive areas 
that will require subsurface drainage. Under most systems of irrigation 
there is some loss of water through deep percolation. The water lost 
through percolation increases the amount of ground water present in the 
soil and subsoil and this may be sufficient to raise water table levels. 

The solution to the problem lies, first, in increasing irrigation effi¬ 
ciencies to their maximum and secondly, in providing subsurface drainage 
for those areas remaining wet. Drainage systems may be constructed with 
either open-type or covered-type drains. 

Types of Drainage Systems 

Drainage systems are classified as surface drainage systems or sub¬ 
surface drainage systems in accordance with the function they serve and 
the definitions as given on Page 7-1, 

Surface. Surface drainage systems are planned and designed to remove 
excess surface water and to reduce flooding and inundation. There is no 
standard or set pattern for the location of surface drains. They may be 
random systems, herringbone systems, parallel systems, or any one of sev¬ 
eral patterns that will fit topographic conditions. (See Figure 7.1). 

In hilly or rolling areas with considerable relief, random-type drains are 
usually employed. Drains are located so that they will reach all the low 
or depressed areas arid remove excess surface water. In flat areas with 
little or no relief, regular patterns of surface drains such as the 
parallel or herringbone system will usually be employed. 

Surface drains are usually open ditches, however, in some few special 
cases, closed drains with surface water inlets may be used. These closed 
drains may be similar in design to city storm-sewer systems. Open ditches 
employed as surface drains may have any one of several cross sections vary¬ 
ing from V type to U type or trapezoidal cross section. The cross section 
chosen is dependent upon farming operations, ditch capacity, permissible 
ditch velocities, arid the relative cost of construction. Trapezoidal 
ditches with side slopes varying in the range of 1:1 to 10:1 are most 
commonly used. V-shaped ditches with side slopes of about U:1 or flatter 
are sometimes used as field drains. 

In systems having one or several lateral drains, the outlet drain is 
often referred to as the main, and tributaries are referred to as laterals, 
sublaterals or field drains. To avoid confusion in terminology, each drain 
in a system of drains should be numbered to identify it within the system. 
The decimal system as illustrated by the drawing in Figure 7.2 is suggested 
as it is in common use in irrigation practice and is equally adaptable to 
drainage practice. 




Figure 7*1 





Introduction to the Numbering of Drains. 


(1) Main or outlet ditch is labeled "Main Ditch" or "Outlet Ditch". 

(2) Each lateral outletting directly into main ditch is labeled with 
a number indicating the main drain stationing to the nearest 
tenth mile. 

(3) Each sub-lateral is labeled the same as the lateral to which it 
outlets, and a letter is added starting with letters A for the first 
sublateral, B for the second sub-lateral, etc* 

(U) If additional laterals are outletted to sub-laterals, they may be 
identified by adding a number series such as Lat-0.7B1, etc. 


Figure 7.2 
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Types of Drainage Systems (cont^d) 

Subsurface. Subsurface drainage systems are planned and designed to 
lower existing high water table levels by removing excess ground water. 
Subsurface drainage systems like surface drainage systems may, or may not, 
be laid out on a standard or fixed pattern. This is dependent upon local 
situations and must be determined on the basis of conditions at each site. 

In interception type systems, drains are usually random drains and the 
location of individual drains is fixed by the direction of ground water flow 
and the permeability of soil and subsoil materials. In relief type systems, 
drains are usually laid out on a parallel or herringbone pattern, but may 
be planned as random drains where the problem areas are isolated tracts. 

Subsurface drains may be either open-type or covered-type drains. Both 
serve essentially the same purpose of lowering high water table levels and 
each have advantages and disadvantages. 

Advantages of open subsurface drains are: 

(1) They are usually accessible for maintenance and can be designed 
on very flat grades (below silting velocities) and maintained 
regularly. 

(2) They are usually deep drains and have a capacity considerably 
in excess of that required for ground water removal, conse¬ 
quently they usually have ample capacity for the removal of both 
surface water and ground water. 

Disadvantages of open subsurface drains are: 

(1) They are usually wide because of the required depth and require 
a right-of-way varying from 50 to 100-feet. 

(2) The exposed ditch area requires constant maintenance to combat 
weed and brush growth. 

(3) Sediment accumulation is rapid and rehabilitation is usually 
necessary in 10 to 15 years. 

Advantages of covered subsurface drains are: 

(1) The area where the drains are located can be leveled and farmed 
with no loss of land. 

(2) If properly designed and constructed, maintenance will be at a 
minimum. 

Disadvantages of covered subsurface drains are: 

(1) If drains become clogged or stopped, repairs and maintenance 
may be very difficult and expensive. 

(2) Closed drains are limited to conditions where grades will give 
scouring velocities for fine sediments. This may prohibit 
their use in extremely flat areas. 

(3) They can seldom be used as dual purpose drains for removal of 
both surface and subsurface water due to the excessive cost of 
providing additional capacity for surface runoff. 
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Types of Drainage Systems (cont^d) 
Subsurface (cont^d) 


Subsurface drains, either open or covered-type, are classified as 
relief or interception drains depending on how they are oriented with 
respect to ground water flow. Relief drains are oriented parallel to the 
direction of ground water flow and interception drains perpendicular to 
the direction of ground water flow. This is illustrated in Figures 7.3 
and 7.U. 


Interception drains are used where there is appreciable slope to the 
water table and where it is possible to construct a deep drain above the 
affected area to cut off ground water flow. Relief drains are used where 
the water table is very flat and where there is no appreciable ground water 
flow or movement. Relief drains are often planned in a series of parallel 
systems where the function of each drain is to lower the water table to a 
point midway between it and the adjacent drains. This is illustrated by 
Figure 7.5. 

Preliminary Examination of Drainage Enterprises 

When an application for technical assistance in drainage is received, 
the first step is to make a preliminary examination of the job or project. 
This preliminary examination should include a field inspection to determine 
the location and extent of the problem area, the number of ownerships 
involved, whether the problem is surface or subsurface drainage, and the 
desires and intentions of the landowners in regard to drainage. From this 
general information it can be established that the project will be either 
a group enterprise or an individual job. The magnitude of the work can be 
estimated and a general plan of the type of drainage works required can be 
formulated. Knowing the desires of the landowners, the general feasibility 
of proceeding further with drainage surveys, studies and investigations 
can be determined. If, on the basis of these conditions, the project 
appears feasible, a more detailed preliminary examination of topographic, 
soil, subsoil, outlet and ground water condition must be made. The sit¬ 
uation as to easements and rights-of-way must be investigated. Maps or 
documents containing information on engineering problems in the particular 
area should be consulted. Aerial photography coverage is usually available. 
One set of four or eight-inch aerial maps should be obtained for planning 
purposes. A search should be made to determine if useful maps or plans 
are available from the U. S, Geological Survey, Corps of Engineers, Bureau 
of Reclamation, or other state, county, or private agencies. Appropriate 
federal, state, county, and private agencies should be contacted to deter¬ 
mine if previous drainage studies have been conducted in the area, and if 
so, copies should be obtained and studied. 

In new work areas, the status of existing improvement districts or 
drainage organizations or districts, if any, should be determined. If the 
tract under consideration is within such an organized area, the proposed 
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Preliminary Exam Inal - -Ion of Drainage Enterprises (cont*d) 

work should be reviewed to determine how it fits in with the organiza¬ 
tional plan. Quite often rules, regulations or laws may require certain 
concurrence or approval of proposed works planned to supplement or replace 
existing works. 

If the area is not in a drainage district or other comparable organ¬ 
ization, consideration should be given to the necessity of such an organ¬ 
ization. Small projects involving one or two landowners can usually be 
handled through mutual agreements as between landowners. This may not be 
true, however, where it is necessary to force or condemn rights-of-way for 
proposed drainage works. In large projects involving many landowners, it 
is usually necessary for the landowners to form some type of organization 
either mutual or corporate to expedite the legal and financial arrangements. 

A general reconnaissance of the area should be made to view general 
topographic conditions. The location and size of natural waterways should 
be noted. Average land slopes should be determined. The condition of 
natural or existing artificial drains should be observed and noted. The 
position of the area to be drained with respect to the watershed area should 
be determined. Usually most of the above information can be obtained with¬ 
out making instrumental surveys. It may be helpful at times to make a few 
instrument observations to determine slopes, depths and cross sectional 
areas of important waterways or existing drains. It may also be advanta¬ 
geous to use an instrument to determine the boundaries of the drainage area. 

Soil surveys are available or can be secured for most areas planned for 
drainage. Information given by these surveys includes structure, texture, 
permeability, slope and other soil conditions pertinent to drainage. Inves¬ 
tigations to determine the degree of salinity and alkalinity are not norm¬ 
ally a part of regular soil surveys, but can be obtained on special request 
where necessary. Facilities for lalxjratory analysis are available at 
existing soil conservation facilities. Quite often it is possible to make 
arrangements with agricultural colleges for laboratory analysis work. 

The treatment of saline, saline-alkali and alkali soils where they are 
present in wet areas is most important. Reference is made to Agricultural 
Handbook No. 60 , entitled "Diagnosis and Improvement of Saline and Alkali 
Soils" which is an excellent treatise of the subject. Saline soils (soils 
with a high percent of soluble salt) can usually be reclaimed through 
drainage and leaching. Alkali soils (soils with a high percentage of insol¬ 
uble salts) usually require treatment with chemical amendments prior to 
drainage and leaching. Saline-alkali soils (soils with appreciable quanti¬ 
ties of both soluble and insoluble salts) present a complex situation which 
is not simple. When these soils are encountered in drainage practice, the 
technician should consult with a competent soil scientist prior to planning 
drainage works. 
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Preliainary Examination of Drainage Enterprises (confd) 

Subsoil and substrata conditions are particularly important in subsur¬ 
face drainage work where drains are excavated below the normal soil profile. 

In soil survey work, as carried out by the Service, subsurface explorations 
are made to a maximum depth of about five feet. Where drains are to be 
excavated below five feet, it is necessary to supplement soil survey infor¬ 
mation with deeper exploratory borings. The condition of sediment below the 
drain are important as they may exert a marked effect on ground water yield 
to the drain. It is usually advisable to determine texture, structure and 
the permeability of sediments to some depth below the proposed depth of the 
drain and can be done by some type of boring machine. 

The investigation of outlet conditions is important and should have a 
high priority in preliminary investigations. The adequacy of the outlet or 
outlets should be Judged on the current and proposed land use. As the land 
use in a drainage area is intensified and additional drainage works installed, 
an increasingly larger outlet will be needed. If new drainage works are 
proposed at the outlet, the most intensive use expected of the entire drain¬ 
age area must be considered in developing the outlet. 

A study of the frequency of high water stages in the streams, rivers 
or lakes serving as outlets is needed. The average elevation during a 211- 
hour flood of five year frequency is a valuable guide in determining the 
flow line (hydraulic gradient) at the outlet. Available river or stream 
gauge records should be used in making these determinations. Where such 
records are not available, the best possible estimate should be made based 
on local observation of hicji water marks and through discussions with local 
people or by computing stage frequency relationships in accordance with the 
methods outlined in the Hydrology Handbook, 

Where satisfactory gravity outlets do not exist, pumping should be con¬ 
sidered before deciding that the project is impractical. A few conditions 
affecting the economic justification for pimping are listed below: 

(1) Height of pumping lift in feet. 

(2) Volume of water in acre feet per acre to be pumped annually. 

(3) Value, if ary, of the water when pumped. 

(ii) Estimated annual increase in net returns per acre following 
drainage. 

(5) Percentage of the year the pun?) would have to operate. 

Surface water as it pertains to drainage includes runoff from precipi¬ 
tation which may be ponded in low areas and waste water from irrigated 
areas. Surface water conditions must be investigated to determine frequency 
and time of flooding or inundation, depth and duration of flooding and the 
amount of siltatlon if any. The damage caused by flooding or inundation of 
agricultural areas depends upon the land use, crops grown, and the time and 
duration of flooding. It is impossible to generalise on damages unless these 
factors are known. The landowner or operator is usually very much aware of 
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Preliminary Examination of Drainage Enterprises (coated) 

damages and their frequency of occurrence and therefore* may be the best 
source of Information. The useful life and amortization period of open 
drainage systems ordinarily will range from 5 to 30 years for large systems 
and from 5 to 15 years for small systems. ‘ 

In irrigated areas waste water disposal must be provided for* in addi¬ 
tion to the disposal of surface runoff from precipitation. All irrigated 
lands must be provided with drains for waste water disposal. The capacity 
of drains for waste water should be equal to 15 percent of the required 
irrigation stream capacity to serve the turnouts for the area involved on 
light soils* and 30 percent on heavy soil. The drains shall have a mini¬ 
mum capacity sufficient to carry the rated flow of any single turnout serv¬ 
ing the area. The runoff from precipitation should be computed for the 
field and the drainage coefficient used that applies to that area. This 
amount is usually small and may not materially influence the design 
capacity because of the small size of fields in irrigated areas. 

Ground water investigations are normally too involved to be under¬ 
taken as a part of preliminary investigations, however, it is often pos¬ 
sible to make some estimate of ground water conditions present from or 
through consultation with local people. Existing shallow farm or ranch 
wells can be checked for water table level. Consulting with personnel 
associated with telephone* power line* gas line* or oil line companies is 
often a good source of information. Usually the local people in the area 
have some knowledge of ground water levels at least on their particular 
ownership. If these sources fail, it may be necessary to bore holes with 
a hand auger at strategic points and to actually measure the depth of the 
water table. 

Vegetative cover is usually a good clue to water table conditions. 
Tules* cattails* rushes and sedges are water-loving plants and are quite 
often present in high water table areas. Certain types of brush and trees 
such as willows* poplar and cottonwood thrive in high water table areas. 

It is important that high water table areas be identified early during the 
preliminary examination as the type of system to be planned and the cost 
of construction may be altered considerably if there are extensive areas 
that require deep subsurface drains. 

The installation of drainage systems quite often affects changes in 
land use. The present land use should be noted and considered in light 
of future or potential land use after reclamation through drainage. Gen¬ 
erally the best agricultural lands* which are the flat bottom lands and 
low lands* are most severely affected by lack of surface drainage and high 
water table conditions. For this reason much of the land reclaimed through 
drainage develops into choice farm land. 

Special emphasis should be placed on land use considerations where 
land not currently in agricultural use will be returned to such use. This 
is also true of land currently in use as wild life habitat which will be 
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converted to crop land. Where these situations arise and where they appear 
controversial, they should be referred to the district supervisors of the 
local soil conservation district involved and to higher administrative 
authority within the Service, 

Securing easements and rights-of-way where necessary Is a function of 
the landowners, drainage organization or sponsoring agency concerned. It 
is not a function of tne Service. Where it is obvious on initial investi¬ 
gation that easements and rights-of-way must be secured in order to install 
appropriate drainage works. It may be advisable to request landowners to 
ascertain these possibilities in advance of detailed planning. Such pre¬ 
cautionary measures may result in substantial savings of Service time on 
work that cannot materialize because of legal or financial entanglements. 

Reports of preliminary examination should be prepared in all cases. 

If the preliminary examination covers work on only one or two farms and 
the project has no special complications, the report may be no more than a 
few pertinent comments and remarks attached to and filed with the conser¬ 
vation plan. If the project is a large project involving several land- 
owners and with the complicating factors, a more formalized preliminary 
examination and report should be prepared. This report should cortain the 
applicable items as previously listed. For more detailed information on 
the preparation of preliminary examination reports, refer to Section 16, 
National Engineering Handbook or memorandum of state policy. The services 
of area and/or state specialists will usually be available on larger group 
enterprises. 


2. DESIGN 

The following information deals specifically with surveys and investi¬ 
gations preparatory to the actual design of small drainage systems that 
may be planned and designed without the assistance of the engineering 
specialists. A more comprehensive treatment of this subject prepared for 
engineers engaged in drainage work is given in Section 16, National Engineer¬ 
ing Handbook. Related subjects) namely, hydrology, hydraulics and struc¬ 
tural design are dove red under Section U, 5, and 6 of the National Eng¬ 
ineering Handbook.) 

Surface Drainage 

Surveys. Upon completion of the preliminary examination, if the proj¬ 
ect appears feasible, it is necessary to conduct certain surveys and 
investigations to obtain detailed information for the design of surface 
drains. 

A large scale topographic map is extremely useful in locating drains, 
determining drainage areas, existing grades and in selecting the type and 
pattern of system to be used. Experience indicates that maps on a scale 
of 200 to 500-feet per inch and with a vertical interval of 0.5-foot to 
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Surface Drainage (contM) 

Surveys (contM) 

five feet are most applicable to drainage work. The complexity of the 
surface topography determines the degree of detail required. In extremely 
complex areas it may be necessaxy to make complete topographic maps of the 
area under consideration. In areas with less complicated topography a 
satisfactory map may be compiled by mapping only a portion of the area 
(strip-topography or spot-topography). In areas vith rather obvious relief 
and where the topography is easily visualized, the location for drains may 
be established by inspection. Where this can be done a center line profile 
and cross section survey is adequate. Refer to Part 1 for additional 
details and examples of survey vork. Aerial photos are often used as base 
maps for topographic vork. Spot elevations can be plotted on aerial photos 
and from this information drain locations can be made. 

The completed map, however prepared, should Show the landowners 1 name, 
locations of proposed ditches, bridges, culverts, farm boundaries, water¬ 
shed boundaries, section lines, roads, railroads, pipe lines, utility lines 
and any other pertinent cultural features. 

Soil characteristics and properties have a very important bearing on 
the design of drains. In addition to the information on soils which may 
be obtained from a soils map, borings should be made at intervals dependent 
on soil changes along the proposed ditch location. For uniform soils 
borings at 2,000-foot intervals may be adequate. For alluvial soils 
borings may be required at intervals of 100-feet or even less. It is 
impossible to generalize upon the exact spacing as it is dependent upon the 
soil and subsoil formations at each particular site. 

The initial depth and spacing of borings should be sped fied in the 
survey outline. The spacing and depth may need to be altered as the survey 
progresses to establish all changes in soil and substratum structure to a 
minimum depth of at least one foot below the anticipated depth of the 
ditch. Logs of all borings should be shown on the profile Sheets. 

Where drainage systems discharge into streams, natural draws, existing 
artificial ditches or lakes, the adequacy of the outlet must be checked. 

It is often obvious on inspection that outlets are more than adequate. For 
example, where small drains discharge into larger streams or rivers* In 
cases where it appears that the outlet capacity may be questionable, it is 
advisable to consult vith the Area Engineer who has access to methods of 
computing outlet capacities. In same instances, the duration of flood 
stage in rivers may be the controlling or limiting factor rather than 
total capacity. 

The present land use must be investigated to determine the acreage in 
crop land, pastures, hay land, brush and timber areas. These areas vith 
different land use should be noted or plotted on a suitable map to be used 
when selecting drainage coefficients. 





7-18 



2. DESIGN (COMT»D) 


Surface Drainage (contM) 

Surveys (contM) 

In planning drainage systems, especially small projects, special con¬ 
sideration should be given to the type of construction equipment that will 
be available. If the choice of equipment Is known in advance, the designer 
can often vary his design to better accommodate that equipment. This is 
often the case where landowners have or own small ditchers, backhoes, farm 
tractors, bulldozers, etc. Tor use on their farms or ranches. 

Design of Surface Drains. The first step in design after making ten¬ 
tative locations for drains is to plot these locations on a suitable base 
map. This map may be a topographic map, aerial photograph, or other suit¬ 
able map, as the case may be. Each drain when located should be numbered 
as outlined in Figure 7.2, and the appropriate survey stationing shown. 
After the drains are located on the map, the drainage area served by 
each drain in the system should be determined and noted. Where the loca¬ 
tions of local drainage divides are known, an easy method of determining 
the drainage area is to show these local divides on the map and then plan- 
imeter the areas draining to each drain in the system. In some cases it 
may be necessary to make instrumental surveys to determine drainage areas. 
The above procedure is illustrated by the sketch map shown as Figure 7.6. 
The total area drained by the system is 122 acres, and the three laterals; 
namely, lateral 0.2, lateral 0.6 and lateral 0.8, drain areas of 13> 5, 
and 21 acres respectively. At the point of junction of two drains the 
shortest drain is always designated as the lateral. 

Drainage Coefficients. The next step is the selection of the proper 
drainage coefficients’.' A drainage coefficient is the rate of runoff to 
provide a specified degree of drainage with regard to the existing climate, 
topography, land use and soils, and is developed from local experience. 

In the design of small drainage systems the rate of removal per unit 
area for relatively flat non-irrigated drainage areas can be selected from 
the appropriate curves shown in Figures 7.7 and 7.8, Curves A, B, C and D, 
Figure 7.7, are used in the more humid areas of Kansas, Nebraska, and South 
Dakota. The S and M curves. Figure 7.8, are used in eastern North Dakota. 
Local drainage guides should be developed and used as a guide to depth, 
spacing, etc. 



If the drainage area has a varied topography which requires deter¬ 
mination of capacity from two or more curves which are to be combined to 
arrive at a capacity for the main outlet, the method of equivalent areas 
can be used; generally such problems should be referred to an Engineering 
Specialist familiar with the procedure outlined in Section 16, National 
Handbook on Drainage. 

In irrigated areas and in relatively flat areas of Montana, western 
North Dakota, Wyoming and Colorado the rate of removal of runoff from pre¬ 
cipitation is computed by the formula Q ■ CM x | following the procedure 
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DRAINAGE COEFFICIENT CURVES FOR NORTHERN HUMID AREAS 
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USE OF CURVES FOR NORTHERN NUHIO AREAS 
Curve A - For good protection from overflow (not maximum flood run-off). 

Curve B - For excellent drainage. 

Curve C - For good agricultural drainage; basic drainage curve for grain crops. 

Curve 0 - For fair agricultural drainage and drainage improved pastures. 

Watershed area to be determined above each section of the ditch for which 
capacity is to be computed. Applicable only to flat watershed areas 
having average slope less than 25 feet per mile. 

REFERENCE: These curves, developed by John G. Sutton, published in the article, 

"Hydraulics of Open Ditches", Agr. Eng. Vol. No. 5, 1939- 

Figure 7.7 
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Total Discharge-Cubic Feet Per Second 


DRAINAGE COEFFICIENT CURVES 
FOR NORTHERN HUMID AREAS 

For Drainage Areas Less Than Two Square Miles 


7.21 



Explanation of Curves + C - For good agricultural drainage where the 

slope of the watershed exceeds 25 feet per mile. 
D - For good agricultural drainage where the 
greater portion of the watershed does not slope 
more than 25 feet per mile. 

M - For fair agricultural drainage in Red River 
Valley, North Dakota. 


Continuation of Sutton C, D and M Drainage Run-Off Curves 
for watershed areas of less than two square miles . 


DR AIRAGS COSFPICIUIS 
Hay 1U , 1W5 


Figure 7.7-1 
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Soil Conservation Service 


Drainage Coefficients for Red River Valley, Minnesota - North Dakota 
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Note: 

■W curve should be used for conditions producing high rates of runoff 
Including: steep slopes, impervious soils, crops requiring better drainage, 
and areas having intensely developed systems of Farm Drainage* 

"S"' curve should be used for conditions producing small rates of runoff which 
may includes flat slopes, pervious soils, crops requiring ordinary drainage, 
and areas with least development of Farm Drainage Systems* 




Figure 7*8 
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Surface Drainage (cont»d) 

Drainage Coefficients (cont *d.) 

outlined in Section 16, National Handbook on Drainage. The rate of removal 
as specified by curves A, B, C and D is satisfactory for this determination 
on most of the ordinary drainage performed on irrigated farms. The runoff 
from irrigation waste water must also be calculated and added to the above 
calculations to arrive at the total ditch capacity. The amount to be added 
should be at least 15 percent of the rated capacity of irrigation laterals 
serving the area for light soils* while for heavy soils it should be 30 per¬ 
cent. 


For steep areas hydrologic computations for surface runoff must be made 
as explained in Part 3 of this Handbook. In this case the ditch is designed 
to handle peak flood flow on some predetermined frequency rather than to 
provide for a rate of removal which would prevent crop damage. 


After the drainage area has been delineated and the proper drainage 
coefficient selected* the ditch capacity must be computed for various 
reaches of the ditch by multiplying the drainage coefficient by the drain¬ 
age area above the point in question. The following example explains this 
procedure: 


Example. Assume a single surface drain 500 feet in length that drains 
a total area of 200 acres. Assume that a uniform drainage coefficient of 
25 c.f.s. per square mile has been selected. The design flow at the outlet 
will be |00 x 25 « 7.8 c.f.s. 

6U0 

Assume further that at the midpoint of the drain or at station 2 + 50 that 
the drainage area above this point is 80 acres. The design flow at this 
point will be ^80 x 25 - 3.1 c.f.s. 


It is obvious from this example that the design flow will be different 
at different points within the system depending upon the drainage area 
served. It is also obvious that the size and capacity of the drain must 
vary at different points in relation to the drainage area. In drainage 
practice the size and capacity of the drain is not generally changed unless 
there is a significant change in the design flow* sufficient to change the 
bottom width of the drain by the amount of at least one foot. In small 
drains flowing less than 10 c.f.s. this rule is generally ignored as the 
type of construction equipment available may not be adjustable to these 
minor changes in ditch size. 


The design flow should be computed for all critical points in the system 
prior to attempting to select cross sections for the ditch. The critical 
points where design flow should be computed are usually obvious on inspec¬ 
tion. They are the points where laterals* natural side drainages* road 
ditches* etc. join. In cases where there are long reaches of drain with no 
contributing laterals* it may be necessary to break these up into sections 
and to compute design flows for each section. This is a "cut and try" 
method to determine if the Change in design flow is sufficient to warrant a 
change in the ditch cross section. 
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Surface Drainage (cont*d) 

Drainage Coefficients - Example (confd) 

In those cases where two drains with approximately the same size drain¬ 
age area Join together, it is necessaxy to increase the size of the main 
drain below this junction. This is necessary as it is quite probable that 
the two drains may both flow full at the same time and thereby concentrate 
the flow immediately below their Junction. The ”20-U0 rule" as described 
in detail in Section 16, National Engineering Handbook, has been developed 
to give guidance in these particular situations. Briefly, this rule states 
that if the smaller of the two adjoining drains has a drainage area less 
than 20 percent of the total drainage area immediately below the point of 
junction, it should not be considered as significant in concentrating the 
flow at that point. Conversely, if the smaller drain has a drainage area 
hO to SO percent of the total drainage area immediately below the point of 
junction, it should be considered as significant in concentrating the flow 
at that point. In this latter case, the design flows as computed for each 
drain separately should be added together to determine the design flow 
immediately below the junction. 


The next step in design is establishing the hydraulic gradient. The 
hydraulic gradient is the water surface or flow-line in any open conduit 
discharging at a specified rate. The hydraulic gradient is usually denoted 
by a small letter (s) in most hydraulic formulae and is expressed in fall 
or gradient in feet per foot. For example, a drain 800 feet in length has 
a total flail or difference in water surface elevation of 3.6 feet. The 
hydraulic gradient 1st - , 

The hydraulic gradient can be adjusted vertically by varying the depth, 
side slopes, or bottom width of the drain. 


In drainage practice the maximum elevation of the hydraulic gradient is 
usually governed by the topography. If the flow line is above natural 
ground surface at any point along the route of the drain, flooding of the 
adjacent areas will occur. If, for other reasons, it is desirable to 
maintain the hydraulic gradient above ground level at certain points, dikes 
or levees may be constructed to prevent flooding of these areas. In some 
cases, minor flooding along the route of the drain may not be objectionable, 
and it might be tolerated. Whether or not flooding can be permitted depends 
primarily on land use and the crops grown. In design work, the governing 
rule is to keep the flow line about one foot below the lowest point of the 
ground surface on large drains. On small farm drains one-half foot is 
adequate. 


At the time that profiles for the proposed drains are plotted, the 
hydraulic gradient should be located and drawn on the profile sheet in 
accordance with the previous discussion. The hydraulic gradient line should 
be as smooth and straight as possible and should never have sharp breaks or 
drops. Where it is necessary to change the slope of the hydraulic gradient 
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Surface Drainage (cont*d) 

Drainage Coefficients - Example (contjd) 

the change should be as gradual as possible. Often it is desirable to 
change grade at two or more locations in order to avoid making any large 
change at any one point. 

Prior to attempting to select the size and shape of drain required for 
any given set of conditions, the design flow and the slope of the hydraulic 
gradient oust be known. In addition, a coefficient of roughness usually 
denoted by small letter (n) must be selected. The coefficient of roughness 
is a physical expression of the condition of the side slopes and the ditch 
bottom for use in hydraulic formulae. The value of (n), the coefficient 
of roughness, for open drain ditches excavated in natural earth varies from 
0.02 to 0.05 depending largely on the Shape of the ditch. The following 
tabulation should be used as a guide for selecting the coefficient of 
roughness for small drains: 


Shape Ditch 

Coefficient of Roughness 

Vide - Shallow 

0.050 

Average 

o.oiio 

Narrow - Deep 

0.030 


In most cases, the value of (n) equals 0.0U will be satisfactory for small 
ditches discharging less than U0 c.f.s. 

The recommended side slopes should be based on local conditions. The 
side slopes on old ditches in similar soil types should be examined to 
determine stability. 

The recommended steepest side slopes which should be used for ordinary 
conditions, unless otherwise specified, are as follows: 


SOIL SIDE SLOPES 

Loam 2:1 

Clay l£: 1 

Peat, muck, sand, and loess soils 1:1 

Field lateral ditches for silt, clay and muck £:1 


Maintenance requirements often justify flat side slopes, especially 
for shallow ditches. Ditchbanks cannot be mowed or farmed safely with a 
wheel-type farm tractor on slopes steeper than U:l. Crawler-type tractors 
may be used on 3:1 side slopes if dry. Special mowers which travel the 
ditch berm or bottom can mow slopes as steep as 1:1. 

In many locations, especially in western irrigated areas, deep ditches 
require so much right-of-way that ditchbanks need to be constructed with 
as steep side slopes as possible to conserve land. Such ditches may justify 
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Surface Drainage (cont*d) 

Drainage Coefficients (contM) 

an on-site study to determine the natural angle of repose of the soil, as 
veil as to observe old ditches, so that stable side slopes can be deter¬ 
mined. 

The ideal velocity for drainage ditches is ordinarily from 2£ to U feet 
per second. Belov feet per second sedimentation occurs, especially after 
vegetation becomes established. Within the range of 2£ to U feet per second 
some erosion of the ditch may occur after construction, but in most soils 
the ditch section stabilizes in a fev years. Much sediment is carried 
through ditches having these velocity ranges. For ditches on non-erosive 
grades the channel vith the largest hydraulic radius possible to obtain 
the highest design velocities should be used. 

The maximum safe velocity is governed by the type of soil. The veloc¬ 
ity at bank-full stage for flood flovs is greater than for drainage flov. 

This should be checked. Some decrease in the design velocity may be obtained 
by making a ditch section vider and shallover or by adjusting the hydraulic 
gradient. If safe velocities cannot be obtained by these methods, vegeta¬ 
tive treatment, drop spillways, culverts, or structures to control grade 
should be used. 

When unusual accelerated vatershed erosion, ditchbank erosion, or rapid 
rates of sedimentation affect drainage design, a competent geologist should 
be consulted. 

Fortier and Scobey —^ vorked out limiting velocities for aged straight 
channels, (See Figure 7.9). The values for mater transporting colloidal 
silts. Column 3, applies mostly to drainage ditches. 

On ditches where the excavated earth is placed in spoilbanks, berms 
should be provided. 

Adequate berms are required to: 

(1) Provide roadways for maintenance equipment. 

(2) Eliminate the need for moving spoil banks in future operations. 

(3) Provide for vork areas and facilitate spoil-bank spreading. 

(U) Prevent excavated material from washing or rolling back into 

ditches. 

(5) Lessen sloughing of ditchbanks caused by heavy bank loads too 
near the edge of the ditchbanks. 

Usually a 10-foot berm vill meet all requirements for ditches not over 
6 to 8 feet deep, Vhere the spoil banks are smoothed) and 15-foot berms vill 
meet the requirements for deeper ditches. 

1/ Samuel Fortier and Fred C. Scobey, Transitions ASCE, Vol. 89, page 955, 

*" 1926 . 



PERMISSIBLE CANAL VELOCITIES 


Original material excavated 
for canal 
(1) 

Clear 

Water, 

no 

detritus 

(2) 

Velocity, in 
aging, of 

feet per second, after 
canals carrying: 

Water 

trans¬ 

porting 

colloidal 

silt 

(3) 

Water transporting 
non-colloidal silts, 
sands, gravels, or 
rock fragments 

00 

Fine sand (non-colloidal) - - - - ------ 


2.50 

1.50 

Sand/ loam (non-colloidal) ------ — 


2.50 

2.00 

Silt loam (non-colloidal) ----------- 


3.00 

2.00 

Alluvial silts when non-colloidal - ----- 


3.50 

2.00 

Ordinary firm loam --------------- 

2.50 

3.50 

2.25 

Volcanic ash - 

2.50 

3.50 

2.00 

Fine gravel ------------ - - - - - 

2.50 

5.oo 

3.75 

Stiff clay (very colloidal) -- - -- - -- 

3.75 

5.oo 

3.00 

Graded, loam to cobbles when non-colloidal - - - 

3.75 

5.oo 

5.00 

Alluvial silts when colloidal - - ------ 

3.75 

5.oo 

3.00 

Graded, silt to cobbles, when colloidal - - - - 

U.00 

5.50 

5.00 

Coarse gravel (non-colloidal) --------- 

U.00 

6.oo 

6.50 

Cobbles and shingles ------ ------- 

5.oo 

5.50 

6.50 

Shales and hardpans -------------- 

6.00 

6.00 

5.00 


Figure 1,9 
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Surface Drainage (cont t d) 

Drainage Coefficients - Example (cont*d) 

On many ditches where a minimum width berm is used to conserve land, or 
where a roadway is not needed along both berms, or where the spoil banks 
will be smoothed, maintenance work may be done from the top or side of the 
spoil banks. The width of one or both berms may be decreased consistent 
with above requirements. 


The following minimum berm widths Should be used unless otherwise 
specified: 


Ditch, Depths 

2 - h feet 
U - 6 feet 
6-8 feet 
Over 8 feet 


Minimum Berms 

U.O feet 
6.0 feet 
10.0 feet 
15.0 feet 


Where hich velocities may enlarge the ditch or when the ditch is in 
marshy, peat, or other unstable soil, the berm width should be increased 
according to the particular requirements. 


In establishing the width of berm, disposition of the spoil bank should 
be considered. The best use of the spoil and how far it can be spread are 
determined by the type of excavated soil, the adjacent land use, the need 
for roads, and the maintenance method employed. In some locations spoil 
banks can be spread and used to good advantage for roads. 


In humid areas, the spoil banks usually Should be leveled so they can 
be cultivated or kept in hay or pasture. A finished spoil bank should have 
side slopes of not less than U:l, and slopes of 8:1 or flatter are desirable 
for pastured and cultivated fields. The spoil should be spread away from 
the ditch and should be left so ordinary farm equipment may operate over 
the spoil. 


Spoil banks should not be leveled where infertile soils, rock, gravel, 
or irrigation requirements do not permit cultivation of spoil banks, or 
where they will be covered with timber or brush. Where not leveled, the 
spoil bank Should be in as small a right-of-way as possible consistent with 
berm requirements and side slopes may be as steep as the soil permits. 

Where unproductive soils occur at lower depths in large ditches, the 
good soil Should be segregated during construction and utilized. Fertile 
spoil may be used for land grading and smoothing or for land leveling in 
adjacent fields. 

Safe entry of surface water through the spoil into the ditch Should be 
provided. In placing and spreading the spoil, points of entry and type of 
inlet structure to be used should be determined. 
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Surface Drainage (cont'd) 

Drainage Coefficients - Example (cont'd) 

Drainage ditches should be designed to provide a ditch section that 
will pass the design flov throughout the length of the ditch. The crest 
of the water or flow-line In the ditch should be sufficiently below the 
elevation of the land surface to provide good drainage. Drainage coeffi¬ 
cients and other design criteria Should be determined as previously dis¬ 
cussed. The grade of the ditch bottom may have a value different than the 
hydraulic gradient or flow-line as the ditch bottom is not always parallel 
to it. 

Manning's formula is used for open ditch design because of its accuracy, 
simplicity, and because of the large number of charts and tables available 
for sol tit ion. The Manning Formula is usually written as follows: 

V - r 1 2 / 3 s l/2 

Where 

V • the velocity in feet per second 

r ■ the hydraulic radius 

s ■ the hydraulic gradient in feet per foot 

n ■ the coefficient of roughness 

The velocity of flow as computed by this formula can be multiplied by 
the cross sectional area of the ditch to determine the capacity of the ditch. 
This is given by the following formula: 

Q - AV 
Where 

Q ■ the capacity in c.f. s. 

A - the cross sectional area of the ditch in square feet 

V ■ the velocity in feet per second 

In order to simplify the use of these equations, tables are included in 
Part 16 , Hydraulics, of this handbook. These tables cover a range of con¬ 
ditions which should be adequate for the design of small open drains. In 
order to illustrate the design procedures discussed and the use of the 
tables for solution of Mannings' Formula, the following example is given: 

Example. Design a ditch cross section for a section of ditch as 
illustrated in Figure 7.10. Assume in this case that the flow-line will be 
one foot below the ground surface. Assume the following given conditions: 

(1) The slope of the hydraulic gradient (s) • 0.001 

(2) The coefficient of roughness (n) *0.011 

(3) A sandy loam soil, side slopes ■ 2 to 1 

(U) The design flow (Q) ■ 23 c.f.s. 



PROFILE 


Ground surface 


W.'tch freeboard 


Hydraulic gradient (floe-line) 
S s 0*001, foot per foot 



° f d^h-bottom 
with various flow depths 


Figure 7.10 
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Surface Drainage (contact) 

Drainage Coefficients - Example (cont*d) 

Referring to the Discharge Tables for Trapezoidal Ditches (Part 16) 
for side slopes of 2 to 1, find the column headed n s ■ 0.001." An inspec¬ 
tion of this column shows that there are different ditch cross sections 
with different bottom widths and depths that have a required capacity of 
23 c.f.s. These are listed in the following tabulation taken from the 
table. The bottom width is always given in even feet. When the design 
discharge falls between given bottom widths in even feet, use the higher 
value: 


Bottom 

Width 

(Feet) 

Flow 

Depth 

(Feet) 

Cubic Yards 
per 

100 Lin. Ft. 

Capacity 

cfs 

Ditch Velocity 
in 

Feet Per. Sec. 

8 

1.6 

65.6 

23.5 

1.3 

6 

1.8 

63.5 

23.a 

1.3 

*5 

2.0 

66.0 

21*. 9 

l.U 

1* 

2.2 

67.8 

26.1 

1.1* 

2 

2.1* 

59.9 

21*.0 

1.5 


♦Interpreted to next even foot of bottom width. 


It is obvious from this tabulation that the designer has a choice of 
five cross sections from which to choose. The next consideration should be 
the velocity of flow. Referring to Figure 7.9, it will be noted that the 
maximum permissible velocity for ditches excavated in sandy loam material 
is two feet per second. This is higher than the highest velocity for any 
of the five cross sections listed; therefore, the high velocity is not a 
limiting factor in this particular case. As stated previously, the most 
desirable range of velocity for open ditches is from to l* feet per 
second provided that the maximum permissible velocity for the particular 
soil type is not exceeded. In the case of this example, it would be 
desirable to design for the highest velocity (1.5 feet per second) pro¬ 
vided that it is possible to have the corresponding flow depth of 2.1* 
feet. The next consideration should be the depth of the ditch. The 
depth below ground surface is the sum of the freeboard plus the flow depth. 
At any point within the system, there must be some grade in the ditch 
bottom to remove flows less than the design flow. 

Where drains cross state, county, or private roads, it is necessary to 
provide culverts. The problem in design is to determine the proper size 
culvert to use in each case. Culverts may be metal, concrete, vitrified 
clay tile or fiber tile and are rated according to their inside diameter 
given in inches. 

The cross sectional areas of culverts are usually less than the cross 
sectional area of the ditch in which they are placed. In order for the 
same quantity of water to pass through both ditch and culvert, the - 
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Surface Drainage (cont ! d) 

Drainage Coefficients - Example (confd) 

velocity through the culvert must be greater than the velocity in the 
ditch. These relationships are expressed in the formula: 

Q - AV 

It is obvious that if the cross sectional area of the culvert is less than 
the cross sectional area of the ditch, the velocity in the culvert must be 
greater. The only way that the velocity through the culvert can be increased 
is to increase the head on the culvert. This is often referred to as "head¬ 
ing up at culverts" and simply means that the flow depth at the invert of 
the culvert will increase until the capacity of the culvert equals the 
capacity of the ditch. The designer must choose the sire of culvert that 
will function with a permissible amount of heading-up. Figure 7.11 gives 
the discharge in c.f.s. for various sized culverts with various heads. 

This table has been prepared for corrugated metal culverts for submerged 
outlets and a length of 30 feet, which is about the usual length required 
for crossings on county or private roads. If the outlet has free dis¬ 
charge and will not be stibmerged, Figure 7.12 must be used. The following 
example is given to illustrate the use of Figure 7.11. 

Example . Assume that an open drain with a design flow of 9 c.f.s. and 
a flow depth of 1.6 feet must cross a county road. Assume that a corrugat¬ 
ed metal culvert is to be installed under the county road. Assume further 
that due to topographic conditions the outlet will be submerged to a depth 
of 0.1 foot and the maximum permissible heading up at the culvert cannot 
exceed 0.5 foot. (The water depth at the invert of the culvert *1.6 feet 
+ 0.5 foot *2.1 feet.) The water depth at the outlet is 1.6 + 0.1 ■ 1.7 
feet. Then 2.1 - 1.7 • 0.1*. Referring to the left-hand column in Figure 
7.11, find the value where "head on pipe in feet ■ 0.Li feet". From this 
point follow horizontally to the right until a capacity of 10 c.f.s. is 
equalled or exceeded. The value 9.7? c.f.s. will be found in the column 
headed 21*" culvert. A 21*" culvert will discharge 9.72 c.f.s. with a head 
of 0.1* feet. This head is the additional head required to force 9.72 
c.f.s. through the culvert. Therefore, the total depth at the invert of 
the culvert will be the sum of flow depth without a culvert plus the 
additional head required by the culvert of 2.1 feet. 

The hydraulics of structures is discussed in Section 5 of the National 
Engineering Handbook, and their design, in Section 6 of the same handbook. 

The following discussion of auxiliary structures covers the application 
and use of sample structures for open type surface drains. The structures 
usually required in open drains are culverts, bridges, chutes and drops. 
Detailed plans for a wide range of these structures is given in the section 
on Standard Structural Plans. In designing small structures in connection 
with open drains, these standard structural plans should be used in all 
cases where applicable, and where a special design is required the Area 
Engineer should be consulted. 
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CAPACITY OF CORRUGATED METAL PIPE (SUBMERGED OUTLET) 
CULVERT FLOWING FULL - STRAIGHT ENDWALL ENTRANCE 
CULVERT LENGTH 30.6 FEET 
Values are in Cubic Feet per Second 


Head on 
Pipe in 
Feet 

IBM 

*15 

inch 

Ml 

*21 

inch 

21* 

inch 

30 

inch 

*36 

inch 

*1*2 

inch 

*1*8 

inch 

■M 

0.31 

.52 

.79 

1.13 


2.57 

3.92 

5.60 

7.62 

■ 

M 

.73 

1.12 

1.60 


3.61* 

5.55 

7.92 

10.8 


.Sk 

.90 

1.37 

1.96 


l* .1*6 

6.79 

9.70 

13.2 


.62 

l.Ol* 

1.58 

2.26 

3.07 

5.15 

7.81* 

11.2 

15.2 

.05 

.69 

1,16 

1.77 

2.52 

3.1*1* 

5.76 

8.77 

12.5 

17.0 

.06 

.76 

1.27 

1.91* 

2.77 

3.76 

6.30 

9.61 

13.7 

18.7 

.07 

.82 

1.37 

2.09 

2.99 

1*.07 

6.82 

10.1* 

11*. 8 

20.2 

.08 

.88 

1.1*7 

2.21* 

3.19 

1*.35 

7.28 

11.1 

15.9 

21.5 

.09 

.93 

1.56 

2.38 

3.39 

1*. 61 

7.72 

11.8 

16.8 

22.9 

.1 

.98 

1.61* 

2.50 


1*.86 

8.11* 

12.1* 

■uni 

21*. 1 

.2 

1.39 

2.32 

3.5U 

5.05 

6.87 

WSSM 


25.0 

31*. 1 

.3 

1.70 

2.81* 

1*. 33 

6.18 

8.1*2 

WSM 

mslm 

30.7 

1*1.8 

•U 

1.96 

3.28 

5.00 

7.11* 

9.72 


21*.8 

35 . 1 * 

1*8.2 

.5 

2.19 


5.59 

7.98 

10.9 

BwrW 

27.7 

39.6 

53.9 

.6 

2.1*0 

U.02 

6.13 

8.75 

11.9 

EfcSH 

KiM 

1*3.1: 

59.1 


2.59 

1*.3U 

6.62 

9.1*5 

12.9 

Pmm 

■El 

1*6.9 

63.8 


2.77 

U.61* 

7.07 

10.1 

13.8 

WTWm 

mWM 

50.1 

68.2 


2.9U 


7.51 

10.7 

li*.6 

21 *. 1* 

37.2 

53.1 

72.3 

EHSflMHI 

3.10_ 


7.91 

11.3 

15.U 

25.7 

39.2 

56.0. 

76! 2 

wemm 

BSSM 


8.66 

12.1* 

16.8 

28.2 

1 * 3.0 

61.3 

83.5 


on 

6 . 11 * 

9.36 

13.1* 

18.2 


1 * 6 . 1 * 

66.3 

90.2 


EE® 

6.57 
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11.20 

16.0 

21.7 

36 . 1 * 

55.5 

79.2 

108. 


U.60 

7.70 
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11*1. 
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21.1 

28.8 

1*8.2 

73.1* 
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11:3. 


NOTE: This table Is based on the formula Q ■ 3.10 d 2 .31h 0.50 for corru¬ 
gated pipe In which Q ■ discharge In cubic feet per sec., D ■ diameter of 
pipe In feet, and H • head on pipe In feet ■ difference In elevation of 
water surface at inlet and outlet ends. 

*No experiments made on these sizes - quantity computed by formula. 

This capacity table is compiled from figures obtained throucji a series of 
tests made by the Bureau of Public Roads at the Hydraulic Testing Plant of 
the University of Iowa. Note that capacities are for 30.6 ft. length pipe. 

The figures underlined are for velocities of approx. 2, 1*, and 6 ft. per 
second, reading downwards. 

Taken from "Handbook of Water Control" - Hardesty Co. 

Figure 7.11 







































CORRUGATED PIPE CULVERT - FREE OUTLET 


CORRUQATEO PIPE CULVERTS - Free Outlet 

With Water Surface at Inlet Same Elevation as Top of Pipe, and Outlet Unsubmerged 

Values Are in Cubic Feet Per Second 


DIAMETER OF FIFE, IN INCHES 


Slope In ' ■ " . ■■■■■ '■ . . ■ —- . . . . ■ .. ■- 

Per Cent 8 10 12 15 18 21 24 30 36 42 48 54 60 66 72 78 84 90 96 108 120 



4 2.3 4.0 6.5 9.6 14 24 39 57 80 110 140 180 230 280 330 400 470 630 810 
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Rote: The values In bold face type Indicate discharge at the approximate "critical slope"* beyond which 

the discharge remains constant for any given size culvert. 

The "stairs* of heavy horizontal lines beginning at the upper left and reading downward and to the right 
Indicate approximate velocities of 2* 4, 6* 8 # and 10 feet per seoond. 

Taken from: "Handbook of Water Control" Hardesty Co. 


Figure 7.12 
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2. DESIGN (OONT»D) 

Surface Drainage (contM) 

Drainage Coefficients - Example (confd) 

The Discharge Tables for Trapezoidal Ditches (Part 16) give the yard¬ 
age in the ditch below the flow-line or water line in cubic yards per 
hundred lineal feet of ditch. Obviously, this is not the yardage of 
excavation as it is computed using the flow depth rather than the total 
depth of the ditch. These tables can be used to estimate the yardage of 
excavation by adding the freeboard to the flow depth and using this value 
as the depth value in the table. 

The following example illustrates this method: 

Example. Assume that at a certain given point on a ditch the flow 
depth Is 1.li feet, the bottom width is H feet, side slopes are 2:1 slope, 
and that the freeboard is 1.2 feet. The total depth of the ditch below 
ground surface will be equal to the flow depth plus the freeboard. 

l.U feet + 1.2 feet » 2.6 feet 

Using the total depth of 2.6 feet, find the cubic yards per hundred feet of 
lineal ditch as follows: 

In these sane tables, labeled 2:1 side slopes, locate the horizontal 
line where the flow depth is given as 2.6 feet and the bottom width as 
h feet. The cubic yards per hundred lineal feet are equal to 87*8 cubic 
yards. This is the yardage of excavation for 100 lineal feet of ditch. 

This method is only approximate as it is based on the assumption that all 
cross sections are level sections which is seldom true, but this table is 
useful in making rapid estimates. Final yardage computations should be 
made using the earthwork computation tables or "average-end-area-methods". 

Subsurface Drainage 


Subsurface drainage is defined as the removal and disposal of excess 
ground water which is causing a high water table condition. Investigations 
for subsurface drainage differ from those for surface drainage in that the 
emphasis should be placed on obtaining an understanding of ground water 
conditions and behavior. 

Surveys. Surveys for subsurface drainage systems cover most of the 
items included in the surveys for surface drainage systems. In addition, 
these must include provision for obtaining more detailed information on 
ground water, subsoil and substrata conditions. 

Topographic surveys for subsurface drainage should, as a general rule, 
be more detailed than for surface drainage. The reason for this is that 
it is necessary to correlate the relative elevations of water table levels 
and ground surface levels at various points throughout the area. The sub¬ 
ject of topographic surveys and the preparation of topographic maps is 
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Subsurface Drainage (contra) 

Surveys (cont^) 

covered in Part I of this handbook. For purposes of subsurface drainage, 
experience has shovn that topographic maps on a scale ranging from 100 to 
660 feet per inch and with a contour interval of one-half foot to five 
feet are most satisfactory. There is no set rule for the scale and con¬ 
tour interval required on topographic maps for drainage planning as they 
must vary with the slope and land configuration to adequately show the 
surface topography. The map should be sufficiently large to show the 
necessary features clearly, but should not be so large as to be clumsy 
or difficult to work with. All significant cultural features such as 
building, fences, irrigation canals, roads, trails and surface drains 
should be shown on the map. Foreign drainage entering or crossing the 
area under consideration should be shovn and the drainage area determined 
and noted on the map. This is especially important where open-type sub¬ 
surface drains are to be used for both surface and subsurface drainage. 

Soil surveys are normally available through Service channels for areas 
under consideration for drainage planning. If they are not available, it 
usually is possible to make arrangements to have such surveys prepared in 
advance of planning. In subsurface drainage work the chief concern is with 
subsoil and substrata materials rather than the so-called top soils which 
are considered as the root zone area ranging in depth from 1 to 2U indies. 
Top soil conditions determine land use and land values and in turn may 
dictate the economic feasibility of conservation measures including drain¬ 
age. In the mechanics of analyzing drainage problems and planning drainage 
work the chief concern is with the texture and permeability of subsoil and 
substrata sediments below 5 feet which is the usual depth of borings made 
in connection with regular soil surveys. 

Conditions of salinity and alkalinity are especially important in the 
drainage of irrigated lands in semi-arid regions. A very thorough treat¬ 
ment of the subject of saline and alkaline soils is given in Agricultural 
Handbook No. 60, entitled "Diagnosis and Improvement of Saline and Alkaline 
Soil" published by the U. S. Salinity Laboratory. In analyzing a drainage 
problem where soils are saline, saline-alkaline or non-saline-alkali, 
special attention must be given to the matter of reclamation through drain¬ 
age. If conditions of salinity or alkalinity appear critical, the drainage 
engineer should seek the advice of a soil scientist prior to planning 
drainage works. Generally, soils that are saline-alkali or non-saline- 
alkali may, or may not, be reclaimable through leaching operations alone. 
Quite often chemical amendments must be added prior to leaching aod.vhen 
this is necessary a cost analysis must be made to evaluate economic feasi¬ 
bility In considering both the cost of drainage works and the cost for the 
additional chemical amendments that may be required. 

In areas proposed for subsurface drainage, it is necessary to know sub¬ 
soil and substrata conditions to a minimum depth of at least two feet below 
the proposed depth of any drain and preferably to a depth of two and one- 
half times the drain depth. Under average conditions 20 feet is considered 
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Subsurface Drainage (cont*d) 

Surveys (contM) 

adequate in most areas. This depth is necessary to explore subsurface 
sediments and to determine the structure, texture, and permeability. Often 
the success or failure of subsurface drains is dependent upon the perme¬ 
ability of subsurface material below the bottom of the drain. This is 
especially true under artesian conditions where there is an upward move¬ 
ment of ground water. 

The location and spacing of subsurface borings must be based largely on 
a knowledge of soils, local geology, and experience gained in a particular 
area. Borings must be spaced sufficiently close to enable the correlation 
of subsurface strata. In alluvial materials this spacing may have to be 
100 feet or less and in more or less homogeneous residual soils a spacing 
of 1,000 feet or more may be satisfactory. In practical application the 
usual procedure is to select a spacing that is in excess of that thought 
necessary and then to supplement this spacing as conditions warrant on the 
basis of the information obtained. Subsurface borings should be located on 
a rectangular grid pattern and with a spacing as previously discussed. The 
rectangular grid pattern may be oriented in any convenient direction to fit 
the field. Usually it is made parallel to a prominent road or fence which 
is used as a base line. When the spacing has been established, guide stakes 
can be placed at the field boundaries and interior stakes can be sighted 
through. 

It is highly important that accurate logs be kept for all subsurface 
borings that are made. Each boring should be given a number and a log 
should be prepared using that number for reference and identification. The 
log sheet in Part 2 of this handbook is considered adequate for drainage 
investigations and has been designed to reduce field notes and description 
to a minimum. In addition to the data as shown on the legend, it is always 
desirable to show the water table level, if any, at the time of boring. 

The importance of obtaining adeqvate and accurate ground water data can 
not be overstressed as it is the basis for determining the type and size of 
subsurface drainage system to be constructed. Ground water information can 
be obtained by establishing and measuring water table levels in either 
observation wells or piezometers. The use of observation wells is usually 
the most practical method for small projects where special equipment is 
not available for establishing piezometers. Observation wells can be 
established by casing subsurface borings with some inexpensive and temp¬ 
orary casing which will last for at least one year. Any casing material 
that will serve to prevent sloughing of the hole is satisfactory. These 
casings might be second-hand iron pipe, wooden box casings, or down-spout 
pipe. The latter material has been used extensively and has many advantages 
such as lightness, ease of transportation and it can be cut in the field 
with an ordinary pair of tin-snips. If perforations are made, they can be 
made in the field with a punch and hammer. The casing for observation wells 
should be a minimum of one and one-half inch in diameter to prevent clog¬ 
ging and to facilitate making water table readings. 
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Subsurface Drainage (confd) 

Surveys (contM) 

When the observation veils are established, the elevation of the ground 
surface at each veil and the elevation of the top of casing for each veil 
must be determined. Water table measurements should be made by measuring 
the distance from the top of casing to vater levels in the veil. This 
distance can be subtracted from the top of casing elevation to determine 
the actual vater table elevation. 

A simple device for measuring the depth to vater in observation veils 
is a length of one-fourth inch plastic hose. The hose can be calibrated 
and marked in feet and tenths of feet and vhen lowered into the veil casing, 
vhile bloving in the open end, it vill bubble vhen the lover end of the hose 
touches the vater surface. This hose is light and easy to carry and store, 
and vill facilitate taking readings to the nearest tenth of a foot vhich is 
considered adequate. 

Some tabular form should be used for recording vater table readings. 

The number of each veil should be listed and the elevation of the vater 
table shown for each date that the veils have been measured. In most areas 
vater table fluctuation vill follow some fixed pattern. In non-irrigated 
areas vater tables are generally highest in the spring of the year. In 
irrigated areas vater table levels are generally highest in midsummer or 
early fall. The design of subsurface drains is based on lowering the vater 
table to seme predetermined level vhich will permit proper plant growth. 

In order to determine vhat the high vater table level is in a particular 
area, it may be necessary to make several vater table measurements covering 
a period of several months. For this reason, veils should be cased, main¬ 
tained and measurements properly recorded. Water table measurements made 
once each thirty days are usually considered adequate. Measurements should 
be continued until the data indicates that the generally high vater table 
level has been recorded. 

Ground vater data should be analyzed to determine the extent of the vet 
or affected area, the position and fluctuation of the vater table level or 
piezometric surface in relation to the ground surface and to determine the 
direction of flow or movement of ground water. The depth to the water table 
at the location of eadh observation well should be plotted for the critical 
period (time of highest vater table level) and lines delineating various 
depths to the vater table should be drawn. The configuration described by 
these lines vill outline the vet areas and vill show their relative degree 
of wetness. Elevations of the vater table level at the location of each 
observation well should be plotted for the critical period and from this 
data ground vater contours can be drawn. Ground water flow or movement is 
always perpendicular to tfie ground vater contours; therefore, the direction 
of flow is known. 

Surface vater disposal is often combined and cared for in subsurface 
drainage systems where open-type drains are used. This usually works out 
very satisfactorily as open subsurface drains are necessarily deep and 
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Subsurface Drainage (confd) 

Surveys (cont*d) 

usually have ample capacity for surface water disposal in addition to 
ground water disposal. When drains are designed for dual purposes, their 
capacity or design flow should be the sum of surface runoff plus ground 
water flow. In actual practice, ground water flow is usually relatively 
small as compared to surface water runoff, and the maximum capacity of the 
drain is virtually the flow expected from surface runoff. In most cases, 
open subsurface drains will have anple capacity for surface runoff, but 
their design Should always be checked to insure that the capacity is ade¬ 
quate for both surface and subsurface drainage. 

Where covered-type or tile drains are used, they are seldom designed as 
dual purpose drains to care for both surface and subsurface drainage. The 
reason for this is that the necessary increase in tile size to care for 
surface water in addition to ground water would, in most cases, make the 
cost prohibitive. The usual procedure is to design a tile system for 
ground water disposal only and to plan a separate open ditch system for 
surface water disposal. 

In irrigated areas drainage must be provided for the removal of irri¬ 
gation waste water. If open-type subsurface drains are installed, it is 
usually a simple matter to dispose of waste water throuc^i the subsurface 
drainage system. Structural provisions must be made to convey waste water 
to the drain without causing erosion of the ditch banks. Drop or chute 
structures of various designs will serve this purpose. Pipe-drops installed 
through ditch banks are very satisfactory and are in common usage. Where 
covered-type of tile drains are enployed as subsurface drains in irrigated 
areas, it may or may not, be desirable to use these for waste water dis¬ 
posal. The decision must be based on an analysis of the local conditions 
to determine the increase in tile size required and the additional cost 
must be weighed against the cost and inconvenience of separate surface 
drains. Generally, it is more economical to provide separate surface 
drains for waste water disposal. 

Outlet conditions for surface drains have been discussed and these are 
applicable to subsurface drainage as well. As a general rule, subsurface 
drains should outlet one foot above the average stage or flow-line of per¬ 
ennial streams or rivers. During times of flood flow when the stream or 
river is at flood stage, water will back up into the lower portions of 
drains and render them temporarily ineffective. When this is the case, 
a stage hydrograph of the stream or river should be compiled for purposes 
of evaluating time and duration of backwater conditions. A study of the 
hydrograph in relation to crop damage may indicate the desirability of 
adjusting the outlet elevation. It is often desirable to install flap- 
gates or floodgates in the outlet to main streams to lessen temporary 
backwater damage. Flap-gates may also be necessary in the outlets of 
main laterals where they outlet near the lower end of the main drain. 
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Subsurface Drainage (contM) 

Design of Subsurface Drainage. The primary objective of subsurface 
drainage Is to lower existing high water table levels. The removal and 
disposal of surface water and irrigation waste water in irrigated areas is 
a secondary consideration and may* or may not, be included in the subsur¬ 
face drainage plan. 

The results of many field observations indicate that water table levels 
within 6 feet or less from the ground surface may be damaging to plant 
growth. A depth of about U to 5 feet or less is considered as critical in 
most areas. The critical depth where serious damage occurs is dependent 
upon local conditions as to salinity, alkalinity, capillarity and the root 
zone depth of the crops grown. From a cost standpoint, 9 feet is con¬ 
sidered about the maximum depth for open drains, and 5 feet for tile drains 
placed with a tiling machine. With the advent of tiling equipment capable 
of greater depth, this latter limitation will be removed. 

One of the most difficult problems in connection with planning subsur¬ 
face drainage work is to compile and analyze the information obtained from 
the subsurface drainage study. This is difficult because two major factors - 
mainly, subsurface sediments and ground water conditions - are not evident 
on visual inspection of the area. Some method must be developed whereby 
these conditions can be made evident throu^t a graphical or statistical 
presentation. Numerous methods have been worked out by various individuals, 
and although each is different, all are developed to aid in formulating a 
mental picture of subsurface conditions. One way to accomplish this is to 
prepare a working map of the area showing topographic and ground water con¬ 
ditions. Soil, subsoil and substrata conditions may also be shown on the 
map, but is usually better to indicate these on a separate map or tabulation. 
Transparent overlays, each showing separate features are very helpful work¬ 
ing tools. A base map showing cultural and topographic features can be 
prepared on regular drawing paper and overlays or transparent sheets may 
be added to show soil, subsoil, substrata and ground water conditions. 

Throu^i this or some similar method a working map can be compiled shewing 
the information and data needed. 

As stated previously, it is necessary to have a clear picture of 
topographic, soil, subsoil, substrata, and ground water conditions and 
their relationships before attempting to plan a subsurface drainage system. 
Various methods and techniques have been developed to obtain a true picture 
of these conditions. One method which has been used with considerable 
success is to compile a working map to show this information in successive 
stages of development. The following is a discussion of such a method 
showing how a working map might be developed and used. 

Figure 7.13 is a topographic map of a hypothetical irrigated farm con¬ 
taining U88 acres and subject to a high water table condition. Basically, 
this map shows the usual cultural features that would be mapped including 
the irrigation supply canal and surface contours which are shown on a five- 
foot vertical interval. This map will serve as a base map for the working 
map to be developed progressively in the following example. 
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Subsurface Drainage (confd) 

Design of Subsurface Drainage (cont*d) 

Figure 7.lU is a tabulation of ground water information and data obtain¬ 
ed from water table measurements in 23 observation wells used in this exam¬ 
ple. The depth to the water table (distance from the ground surface to the 
water table level) and the water table in elevations reduced to a standard 
datum are shown for each well for the period of record May through Septem¬ 
ber. From inspection it is obvious that the month of August, during which 
time 10 of the 23 wells showed their highest water table levels, is the 
critical month, or the month in which water table levels are generally high 
in this area. The information given for the month of August should be used 
for planning and design purposes as it represents the most severe high 
water table condition. 


Referring to Figure 7.13, ground water information can be shown on the 
map as follows: The locations of the 23 observation wells are indicated by 
small circles with the well number shown in the circles. The elevation of 
the water table for the month of August as shown for each well in Figure 
7.1U can be plotted on the map and from these ground water contours can be 
drawn. The ground water contours are shown on the map as dashed lines and 
have been drawn on five-foot vertical intervals to correspond in elevation 
with the surface contours. When this data is plotted and the location of 
the ground water contours determined, the hydraulic gradient of the water 
table surface and the direction of the ground water flow can be determined 
at any given point. The direction of ground water flow is always perpen¬ 
dicular, or at right angles, to the ground water contours and is indicated 
on the map by arrows as shown. In this particular example the ground water 
contours are on a five-foot vertical interval, and the average distance 
between contours is 500 feet; therefore, the slope of the water table is 
about 1 percent. 

In addition to giving water table elevations, Figure 7.1U lists the 
"depth to water" in each observation well for the period of record. This 
is simply the depth from the ground surface to the water table level in 
each well. By plotting the minimum depth to water table regardless of the 
month in which it occurred, for the period of record, lines of delineation 
of depth to water table can be drawn. For this particular example the 
lines were drawn for the 2, 5» and 8-foot depths as shown on the map in 
Figure 7.13. This in effect, delineates areas where the range in depth 
to water table is from 0 to 2 feet, 2 to 5 feet, and 5 to 8 feet. These 
areas are shown by hatchure as indicated in the legend on the map. In 
this example, no attempt has been made to show depths 8 feet or more below 
the surface as this is not considered significant in agricultural drainage. 
In many areas a depth of less than 8 feet might not be considered signifi¬ 
cant. 

The completed working map as shown in Figure 7.13 shows pictorially 
all of the information necessary for planning a drainage system except 
for the information on subsoil and substrata material. Usually it is not 
necessary to attest to show this information on the working map; however. 
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Subsurface Drainage (cont^) 

Design of Subsurface Drainage (contM) 

it might be shown by some pictorial method if thought necessary. Logs 
prepared on standard log sheets are easy to refer to for specific infor¬ 
mation on subsoil material at any particular point. 

At this stage of development of the working map the type of drain or 
drains to be installed can be determined and the locations fixed within 
approximate limits on the working map. Referring again to Figure 7.13» 
it is obvious from the location of the wet area and the direction of ground 
water flow that the source of excess ground water is either from canal seep¬ 
age or from irrigation losses within or immediately above the hatchured area. 
For purposes of this example it will be assumed that canal seepage has been 
investigated and found negligible and that the source of excess water is 
from general irrigation losses. Under this set of conditions and with a 
water table gradient of about one percent, an interception-type drain should 
be recommended. The drain should be located perpendicular to the direction 
of ground water flow and in a position near the upper edge of the wet or 
affected area. In such a location the interception drain will intercept 
the water now causing a high water table condition below it and will have 
some drawdown effect above the drain sufficient to lower the water table 
and relieve the wet area. The approximate location for such a drain is 
indicated by the heavy line with double arrows as shown on the map. In 
this example it must be assumed that subsoil materials are satisfactory 
for such a drain at this location. In the event that subsoil materials 
were highly variable over this field, the drain might be shifted vp or 
down slope to a limited degree to place it in the most favorable position 
insofar as subsoil permeability is concerned. 

The example illustrated depicts a set of conditions wherein an inter¬ 
ception-type drain would be enqployed. A similar method of compiling and 
analyzing data would be applicable under conditions where a relief-type 
drain or drains would be used and the same approach is applicable to either 
irrigated or non-irrigated lands where the problem is one of a water 
table condition. 

Figures 7.1k through 7.21 are sketches of typical cross sections illus¬ 
trating relief and interception-type drains located so as to correct a 
high water table conditior under different physical conditions. 

Figure 7.15 illustrates an interception-type drain located at the base 
of hill land or at the base of a terrace or bench. This is a very common 
situation in major stream valley areas. Many investigations in similar 
areas have shown that vet or high water table areas usually occur near the 
base of the terrace and extend for a limited distance toward the river or 
stream. Ground water investigations of a situation of this kind usually 
disclose that the water table is approximately a straight line or a very 
flat curve extending from water surface in the stream to some distant point 
beneath the terrace bench. The wet area is existent because of an abrupt 



Hills or bench 



Typical example - Interception drain at base of hill or terrace to intercept ground water 
flow to natural stream or river. Applicable in many large valleys with seeped lands near terrace 
or bench breaks. Either open or closed type drains. 


Figure 7.15 
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Subsurfac? Drainage (confd) 

Design of Subsurface Drainage (confd) 

change In topography at this point which brings the land surface near or 
In contact with the water table surface. The corrective measure as Indi¬ 
cated is to lower the water table in this critical area through the instal¬ 
lation of an interception drain. In situations of this kind where the 
drain may be located in an active floodplain area a closed-type drain 
should be used. If an open-type drain is used, there is danger that it 
may be captured by the stream during periods of flood flow and thus cause 
undesirable channel changes. 

Figure 7.16 illustrates an interception-type drain located topographi¬ 
cally above a constricting underground barrier of impermeable material. 

Under natural conditions, this barrier causes a "pinching off" of the 
aquifer and in turn causes the hydraulic gradient to "surface". This sit¬ 
uation is common in alluvial floodplain areas where old channel changes 
have built up barriers of fine-grained sediments. This condition is 
difficult to detect and usually requires extensive subsoil explorations; 
however, the presence of an unexplainable wet area surrounded by dry area 
suggests such a nonconformity in subsoil material. In some instances 
where the barrier may be very narrow, it may be possible to construct one 
or several short relief-type drains through the barrier thereby lowering 
the water table above it. 

Figure 7.17 illustrates an interception drain located at the base of 
a permeable aquifer between layers of less permeable or nonpermeable 
material. The permeable layer outcrops causing a seep which may in turn 
affect a considerable area topographically below the outcrop. This sit¬ 
uation may be common in sedimentary deposits that are highly stratified. 

Under natural conditions the permeable layer is usually carrying consider¬ 
able ground water flow with a hydraulic gradient that intercepts the ground 
surface at some point in the outcrop area causing a natural seep. An 
interception-type drain should be located at the base of the permeable 
material to collect the flow from the aquifer and prevent seepage at the 
surface. The drain should be located at a point which will fix the depth 
of a permissible water table level consistent with soils and saline or 
alkali conditions. 

Figure 7.18 illustrates an interception-type drain er^loying relief 
wells to lower a general high water table condition. The sketch is 
intended to show a condition where very slowly permeable subsoil and sub¬ 
strata materials with a depth of 20 to 30 feet are underlain by permeable 
sediments. Under natural conditions hydrostatic pressures are sufficient 
to maintain a water table level at or near the ground surface. Under 
these conditions it is not economically feasible to construct a drain 
with depths sufficient to tap the permeable material and a drain of less 
depth contained in very slowly permeable materials would not be very effec¬ 
tive. By installing the deep interception drain (8 to 10 feet) with relief 
wells extending into the permeable materials, it is possible to lower the 
water table level by the amount of the effective head created. The effective 




Typical example- Interception drain located above barrier to intercept ground 
water flow lowers the water table level and prevents seep* Drain may be either open 
or closed type* 


Figure 7.16 
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table area 



Topical example - Interception drain with relief well to tap permeable aquifer at deptn too deep 
for direct contact. Applicable under special conditions where a good aquifer is lenown to be present 
and where the effective head is five feet or more. Closed type drain may be used. 


Figure 7«lb 
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Design of Subsurface Drainage (cont*d) 

head In this case Is the difference In elevation between the water table 
level and the water surface In the drain. The operating head Is the 
effective head less friction loss, entrance losses, etc.. In the relief 
well. Practical experience has Indicated that the effective head should 
be f> feet or more before attempting this type of Installation. The spacing 
of relief wells must be on a trial basis for an individual case. Relief 
wells should be added until hydrostatic pressures are reduced to near zero 
at the water surface In the drain. 

The example cited In Figure 7.18 shows a relief well installation In 
an Interception-type drain. The principles discussed are equally appli¬ 
cable for relief-type drains. In the case of a relief drain under con¬ 
ditions where the water table is nearly flat, the drawdown curves on 
either side of the drain will be of a similar shape. 

Figure 7.19 illustrates another example of a condition where a con¬ 
stricted aquifer forces the water table to the ground surface. The drain 
shown is a closed-type interception drain located just above the point of 
constriction. The drain must be located in the permeable material above 
the point of construction and at a reasonable depth consistent with 
economic consideration. 

Figure 7.20 illustrates a relief-type drain installed in a low area 
with a very flat water table gradient. This is typical of a great many 
situations common over a large area. Where the wet area is rather long 
and narrow, such as a draw or a swale, one relief drain as illustrated in 
the sketch may solve the drainage problem. Under these conditions the 
drain should be located in the center of the wet area and it will be 
effective equidistant on either side of the drain. The new hydraulic 
gradient established by such a drain must lower the water table to a level 
below the critical depth throughout the wet area. 

Figure 7.21 illustrates a series or a battery of relief-type drains 
located in a relatively low area with a very flat water table gradient. 

This situation is also common over a wide range of field conditions. Each 
drain in the system is designed to remove the excess ground water from the 
area it serves and to maintain a minimum water table level between lateral 
drains. The new water table surface established describes a series of 
arcs made up by the drawdown curves between drains. This type of system 
is usually applicable in level areas with slow permeability, where ground 
water movement is very slow, and where there is little opportunity to 
intercept ground water flow. 

Drains are either open-type or covered-type drains and in the case of 
subsurface drains they may be either relief or interception-type drains. 

In the case of open-type drains employed for subsurface drainage under 
high water table conditions, the required effective depth usually dictates 
a size and total capacity in excess of that necessary for the quantity of 
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Typical example - Interception drain located at point of constriction of permeable aquifer 
to lower the water table level and stop surface seep. Open type drain may be used. 


i 

vn 


Figure 7.19 
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Typical example 
table level through 


- Relief drain placed in center of narrow depression area 
draw-down from either side. May be either open or closed 


to lower the water 
type drain. 


Figure 7*20 
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Typical Example - Relief drains in series to lower a hign water table condition on nearly level 
land with a very flat water table gradient. May be open drains but usually are closed type drains. 


Figure 7*21 
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Subsurface Drainage (cont*d) 

Design of Subsurface Drainage (confd) 

ground water to be disposed of. (Effective depth is defined as the depth 
of the water table below the land surface.) In the case of covered-type 
or tile drains employed for subsurface drainage, the required depth is not 
a factor in the size or capacity of the drain except that it will intercept 
more ground water by virtue of its greater depth below the water table. 

This is recognized in the tile spacing formulae and tables that are used. 

Subsurface drains, either open or covered-type, serve essentially the 
same purpose of lowering water table levels. The decision as to which 
type of drain to use should be based primarily on such factors as cost, 
availability of right-of-way, maintenance and available slope or gradient. 
Either type drain will function satisfactorily in lowering water table 
levels. If cost is not a limiting factor and if land values are relatively 
high, covered-type drains are always preferable to open-type drains. 

Drainage Coefficients. The drainage coefficients used in the design of 
subsur/ace drains are generally lower than those used for surface drains. 
Subsurface drains differ in principle from surface drains in that water 
percolates into the soil and is then removed by drains located below the 
ground surface. There is a considerable time-lag in this process as the 
soil profile serves as a temporary retarding medium or storage reservoir. 

In humid areas where average annual rainfall is in excess of 25 inches 
and where the land has complete surface drainage, either natural or arti¬ 
ficial, the following drainage coefficients should be used: 

Soil Drainage Coefficient 

(Inches to be removed in 2U hours) 

♦M Ineral 5/B to l/S 

♦Organic 1/2 to 3A 

♦Mineral soil - Less than 20# organic matter 

♦Organic soil - More than 20# organic matter 

In cases where surface water is admitted to subsurface drains, the sur¬ 
face runoff should be computed from drainage coefficients as described under 
Surface Drainage, and the drain should be designed to carry both surface 
and ground water. 

In the semi-arid regions where average annual rainlbll is less-than 2L 
inches and where irrigation is not practiced, there may be little need for 
subsurface drainage. Each situation of this kind must be evaluated indi¬ 
vidually on the basis of local rainfall, frequency and intensity. 

In irrigated areas in the semi-arid regions there is considerable need 
for subsurface drains. The sources of ground water in an irrigated area 
may be classified into two groups - namely, internal and external sources - 
with respect to the area under consideration. The internal sources may be 
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Drainage Coefficients (contM) 

(1) deep percolation losses from the irrigation water applied, (2) canal or 
ditch seepage losses from the canals or ditches within or traversing the 
project area, and (3) deep percolation losses from precipitation. Deep 
percolation losses from irrigation are always present in irrigated areas and 
may vaiy from 10 to U0 percent of the amount of water applied. Seepage 
losses from canals and ditches within the area are generally present to some 
degree except where canals have been lined or processed to prevent seepage. 
These canal and ditch losses are highly variable depending upon soil and 
subsoil permeabilities and flow depths, but usually fall in a very general 
range of about 0 to ?0 percent, the average loss being about 25 percent. 

Deep percolation losses from precipitation vary with local areas depending 
upon climatic and soil conditions. The external sources of ground water in 
am irrigated area may be (1) deep artesian ground water, (2) migratory ground 
water moving into the project area from or through shallow aquifers connected 
with other irrigated areas extending outside the project area, and (3) seep¬ 
age or percolation from irrigation canals, streams, lakes or other bodies 
of water outside the project area. The accretion to ground water from these 
external sources is usually extremely difficult to determine and requires 
special investigation. It is impossible to generalize on the accretion to 
ground water from these sources as each case requires individual site inves¬ 
tigation. Considering both the internal and external sources of ground 
water in an irrigated area, the major sources are usually deep percolation 
from irrigation and canal or ditch loss. The other sources discussed may 
be major sources in some cases, but are usually minor sources. 

Under normal conditions a portion or all of the ground water is removed 
from an area by natural processes. When the total quantity of water from 
these various contributory sources exceeds the total quantity being dis¬ 
posed of through natural processes, the water table will rise and artifi¬ 
cial drainage must be employed to lower and maintain the water table level 
to some point which will not be damaging to crop growth. The problem of 
determining the quantity of ground water to be removed by artificial means 
is essentially the same for irrigated and nonirrigated lands except that 
in the case of irrigated lands provision must be made for the removal of 
water lost by deep percolation from irrigation losses. 

The problem on irrigated land resolves itself into one of determining 
the losses from the various irrigation sources and adding these to the 
losses from precipitation. In the arid and semi-arid regions, where irri¬ 
gation is practiced on a supplemental basis, irrigation systems are de¬ 
signed to deliver full season supplies disregarding any precipitation that 
may occur during the growing season. If appreciable precipitation does 
occur during the irrigation period, irrigation applications are reduced 
accordingly. The total amount of water applied, either through irrigation 
or by precipitation, is about the same in either case and the loss through 
percolation will also be about the same. A rational method of approaching 
this is to make an estimate of the percent loss to deep percolation from 
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Drainage Coefficients (cont^) 

irrigation, the percent canal or ditch loss, and the percent loss from other 
known sources and to apply these percentages to the amount of irrigation 
water that would be used assuming no precipitation occurred. 

Example. Assume the following conditions for a given irrigated area 
containing 200 acres and in need of subsurface drainage: 

(1) From consumptive use studies it has been determined that the deep 
percolation loss from irrigation is 20 percent. 

(2) From ditch flow measurements it has been determined that the field 
ditch loss is 8 percent of the water applied. 

(3) The operator during the peak-use season applies a U-inch irriga¬ 
tion (gross) each two weeks (l!* days) and that no precipitation 
occurs during this period. 

(U) The area under consideration for drainage is isolated from other 
adjacent areas insofar as ground water inflow is concerned and 
that there is no accretion from deep artesian flow. This would be 
a typical situation where relief-type drains would be employed. 

20# + 8# ■ 28# - total loss through percolation 

28# x U” ■ 1.12 inches lost through percolation each irrigation 

1 12 ** 

“few" " ° .0933 acre-feet per acre lost through percolation 
per irrigation 

9^ 2 221 m 0.00666 acre-feet per acre per day lost through percolation 
1U 

Converting to Flow: 

0 . . 0 0 6 66 m 0^00336 c.f.s. per acre to be removed 

1.98 

200 x 0.00336 ■ 0.67 c.f.s. ground water returnflow from 200 acres 

This is the accretion to ground water from field irrigation losses through 
deep percolation and should be added to the quantity of surface water to be 
disposed of. In certain cases, an additional allowance must be made for 
seepage from the main canal system where it has been established that this 
is a significant factor. The above example is intended to illustrate a 
method for determining the amount of water to be removed per acre from 
general irrigation losses. The results obtained will be as precise as the 
data available on water application, frequency of irrigation and the esti¬ 
mated deep percolation losses. 
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Depth and Spacing of Subsurface Drains. The principles involved in 
determining the proper depth for subsurface drains are quite different than 
for surface drains. In the case of surface drains the depth is governed by 
the required capacity for design discharge allowing for a given or predeter¬ 
mined freeboard. In the case of subsurface drains, the depth is governed by 
the depth at which the water table must be lowered and very seldom by the 
total capacity that the drain must have. 

As stated earlier, the critical depth of the water table usually varies 
in the range of 0 to 5 feet depending upon specific local conditions as to 
soils and the type of crops grown. Under the most ideal conditions relative 
to subsoil permeability, a subsurface drain can only lower the water table 
to a depth equal to the depth of the drain. Under normal field conditions 
the subsurface drain will lower the water table to a depth equal to the 
depth of the drain in only a relatively narrow area adjacent to the drain. 

As the distance from the drain increases, the drawdown will be less until 
at some point its effect is insignificant. This is illustrated by the dia¬ 
gram in Figure 7.21 showing the reduced drawdown effect midway between par¬ 
allel drains. From this discussion it is obvious that the depth of drains 
in a parallel or similar system is a function of spacing and depth and the 
two must be worked out simultaneously. 

3. LAYOUT 


Staking 

Large Drains. In staking large drains of considerable length the stak¬ 
ing is generally along a route which was previously established when the 
design survey was made. Previously established bench marks which were set 
during the design survey are used for vertical control and the ties, tan¬ 
gent distances and curve information laid out during the design survey 
establish the route or horizontal control. The center line may be run in 
directly, or an offset line parallel to the center line may be established. 
If an offset line is used, it should be so located that it will not be 
disturbed by construction operation, covered by the spoil, or be incon¬ 
venient because of crossing over the spoil banks. 

Line stakes should be set at all 100-foot stations and plusses where 
necessary. Curves should always be staked on the center line of the ditch 
and not on the offset line. The curves should be staked on a minimum of 
50 -foot chords. 

After the line has been established slope stakes should be set at the 
intersection of the side slope and the ground surface. The distance to the 
center line, the cut to ditch grade, and the berm width should be marked 
on the stakes. The method of setting slope stakes for a dam is described in 
Part 1 of this handbook. The same procedure is used in setting slope stakes 
for a ditch except they are marked cut instead of fill. Since the bottom of 
the ditch has a grade the ditch bottom elevation must be computed for each 
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Large Drains (contM) 

station or plus and the slope stake cut set accordingly. The staking party 
should check in on all previously established bench marks to avoid errors 
as the staking progresses. 

Center line stakes and bottom width stakes may be set if the contractor 
is new and needs them to get started, however, generally these stakes are 
not necessary for contractors, who have had experience in this type of work. 

Cut stakes or grade stakes and line stakes should be set for all cul¬ 
verts and structures that are to be installed. The method of setting stakes 
for structures is described in Part 1 of this handbook. 

Small Farm Drains. Farm drains are generally staked immediately follow¬ 
ing TTte^?ninnrnaiy~iurvey to determine feasibility. In this case there is 
no previously established route or bench mark circuit. Generally an offset 
line and a bench mark are established and the slope stakes are set using a 
non-erosive grade which was determined during the feasibility check by the 
difference in elevation between the area to be drained and the outlet. The 
slope stakes are marked in the same manner as described for the staking of 
large drains. Part 1 of the handbook shows an example and the manner of 
keeping notes in staking a small farm drain. 

Subsurface Drains. Open type subsurface drains are staked in the same 
manner as large drains. 

Closed Subsurface Drains. In staking this type of drain the cut stakes 
are set on a suitable offset line (generally five feet from the center line) 
and the distance to the center line and the cut is marked on the stake. 
Batter boards may be used to establish the grade of the tile line. This 
method of setting batter boards and their use is explained in Part 1 of 
this handbook. 


it. CONSTRUCTION 


Subsurface or Open Drains 

Surface drains or open ditches involve the movement of earth and the 
installation of any necessary culverts, bridges, inlet or outlet structures. 

Farm drainage ditches may be constructed by ordinary farm equipment if 
the depth and width is quite small and there is no problem in the dis¬ 
position of the spoil. Plows, whirlwind terraces or small patrols have 
been used on ditches up to 18-inches in depth. Slightly deeper ditches 
may be constructed by road patrols or bulldozers. The larger ditches will 
require heavy earth moving equipment such as scrapers, elevator graders or 
draglines. If it is planned to use the excavated earth in filling low 





7-59 


it. CONSTRUCTION (OONT»D) 

Subsurface or Open Drains (cont*d) 

spots in the field near the ditches, the tractor and carryall is the most 
satisfactory earth moving equipment. This permits some land smoothing 
operation that eliminates collection of runoff water in depression areas. 

If the area to be drained is wet because of recent rains or a high water 
table, a dragline may be necessary to excavate the ditch. In some very wet 
situations the dragline may need to move on "mats". 

Scrapers, elevator graders or draglines can remove the earth very closely 
to the staked dimensions if the operators are capable and know their machines. 
Very little reshaping to grade should be necessary. 

If there is considerable room for the spoil piles the excavated earth 
should be spread as much as possible to make maintenance much easier and 
provide a better looking job. All berms should be provided as designed. 
Openings must be provided in all spoil banks as needed to allow surface 
water to enter the ditch, or as needed for structures. 

The machine operators should check their work occasionally by using a 
hand level or surveying instrument and by reading elevations or cuts from 
the slope stakes or grade stakes. 

If draglines are used, the boom should be long enough so that the spoil 
will be cast to its proposed location. Too short a boom or a poor operator 
may not provide the berm that was determined to be necessary in designing 
the ditch. Attempting to move a spoil bank at a later date by a scraper or 
bulldozer is not usually successful. 

Culverts and bridges must be installed to the line and grade established 
in the ditch design. Improper alignment on a culvert may increase mainten¬ 
ance. Culverts at the wrong elevation may change the designed hydraulic 
grade line, both upstream and downstream from the structure. 

Defective or old metal culvert pipe should not be used as their dis¬ 
charge capacity may be reduced or they will have to be replaced at an early 
date. The fill material around the pipe should be compacted to provide a 
stable structure and reduce seepage along the pipe. There should be two 
feet of fill over the culvert before equipment is allowed to travel over 
the structure. 

If pipe drop inlets are installed to bring surface water into the drain 
ditch, they must be installed as designed. Sloped inlets should be-properly 
constructed to the proper line and grade. 

Inspection of the construction work must be made to insure full compli¬ 
ance with plans and specifications, that a workmanlike job is being done, 
and proper progress is being made. 
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Subsurface or Covered Drains 


Only high quality tile should be used in covered drains as it is false 
economy to install poor quality tile. The tile may either be clay or con¬ 
crete, both of which are very resistant to freezing and thawing and have 
sufficient strength to support static and impact loads if of good quality. 
Concrete tile may be affected by acids or alkaline soils and soil tests 
should be made before installation. Other types of material such as metal, 
plastic, etc. are being used for drain tile but more information is needed 
on their adaptability. 

The trench for tile should be dug to the specified line and grade start¬ 
ing at the outlet and progressing upstream. The tile trench may be hand 
dug or a trenching machine used. If the trenching machine does not have a 
sighting device to maintain grade the last six inches should be hand exca¬ 
vation. 

Tile should be laid to true grade and good alignment with the bottom of 
the trench shaped to the lower third of the tile. This may be done with 
shovels or a metal shaper the same size as the tile. The tile should be 
laid so there is approximately 1/8 inch between them, unless the soil is 
sandy, in which case there should be no crack. If the ends of the tile are 
not square, they may need to be rotated so the widest opening is at the 
bottom. Wide cracks on curves may need to be covered with pieces of tile 
or coal-tar-impregnated paper. If the trench was over excavated and below 
grade line, backfill with graded gravel to the proper elevation. 

Properly made junctions are very important. Any lateral should connect 
to the main drain at an angle of about U5°, thus directing the water down¬ 
stream. "T” junctions are sometimes satisfactory but only on very short 
laterals. Manufactured connections are excellent. 

The tile should be checked for grade and alignment prior to backfilling 
especially on flat grades. There should not be any low places in the tile 
line. 

Backfill over the tile by placing 6 to 12-inches of loose, mellow top¬ 
soil shaved from the upper edge of the trench. This must be carefully done 
so the tile are not moved. In very tight soils corncobs or well graded 
gravel has been used for blinding, but may not be too effective over a 
period of years. 

The backfilling of the trench may then be completed by using a bulldozer, 
hoe, grader or blade. All spoil should be heaped over the trench so that 
the ditch can be crossed after full settlement occurs. Large stones are a 
hazard during blinding or backfilling operations. 

5. MAINTENANCE 


Open Drains 

The major causes of reduction in ditch capacity and deterioration of 
the channel are 
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Open Drains (contM) 

(1) sedimentation in the channel, 

(2) excessive vegetative growth, 

(3) bank and channel erosion, 

(U) improper land use on the drainage area, 

(5) poor location and alignment, 

(6) improper depth, 

(7) inadequate culvert or bridge capacity, and 

(8) failure to provide the necessary legal arrangements to fix 
responsibility and collect maintenance expenses on group drainage 
enterprises. 

Sedimentation of the channel can be controlled to a large extent by 
proper land use of the watershed. Prevention of wind and water erosion 
which deposit sediment in the channel should be accomplished wherever 
possible by good basic farm plans. Sediment basins are sometimes practical. 
Ditch and spoil banks should be seeded to grass soon after the ditch has 
been dug. 

The control of excessive tree, brush, grass and weed growth along 
ditch channels is an important preventative maintenance measure. Studies 
show that ditch capacities may be reduced by as much as 75 percent due to 
excessive vegetative growth. The primary methods of control consist of 
mowing, spraying, grubbing, clearing and burning. Heavy duty mowers can 
be used for cutting brush. If ditch banks are kept relatively flat such 
maintenance operations will be easier. 

If legal arrangements provide for responsibility and collection of 
money, a maintenance crew can be organized to carry out a systematic pro¬ 
gram of maintenance on group drains. Such a crew could be provided with 
proper mowing and spraying equipment and could have a small dragline to 
remove silt bars and bank slides. 

Farm drains can generally be maintained in good operating condition by 
the diligent use of normal farm machinery and by utilizing grass where 
needed to prevent erosion. Ordinary farm mowers when properly used will 
prevent excessive growth of vegetation in such drains. 

Covered Drains 

In comparison to open ditches, tile drains require relatively little 
maintenance. Where open channel outlets are provided, the ditch should be 
kept free of weed or tree growth and the end of the outlet tube covered 
with a floodgate, a screen, or a flap gate. Surface water at the outlet 
end should be diverted away from the tile outlet to prevent silt bars 
obstructing the tile flow. Where the tile is at a shallow depth, they 
should be protected from the tramping of livestock and not crossed with 
machinery during wet periods. 
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5. MAINTENANCE (QONT'D) 


Covered Drains (cont^d) 


Roots of trees may grow into tile lines and should be removed if within 
100 -feet of the tile line. If this cannot be done, tar impregnated com¬ 
pounds in bell-and-spigot pipe may be necessary. 

During the first year after installation of the tile line, inspections 
should be made for evidences of failure. Sinkholes over a tile line may 
indicate a broken tile or too wide a crack spacing. The necessary repairs 
should be made as quickly as possible. Surface inlets, if any, should be 
kept free of weed growth, trash or sediment. 

If the tile line is plugged, holes may need to be dug along the tile 
line at intervals of $0 feet and the material removed by suitable plugs, 
swabs or a sewer rod. Sometimes sediment can be removed by flushing the 
tile lines. 
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PART 8 
IRRIGATION 
1. GENERAL 


Definitions and Scope 

Irrigation is the application of water to the land to eliminate the 
moisture limitation to crop production. In the broad sense, the practice 
of irrigation includes the development of the water supply, the conveyance 
system and the waste water disposal system as well as the methods of apply¬ 
ing water to a particular farm or field. 

"Irrigation Guides'* are part of the Soil Conservation District tech¬ 
nical standards. They give design specifications for the recommended 
irrigation method and information helpful to technicians in advising farm¬ 
ers on proper water application. They have been jointly developed by the 
Soil Conservation Service, the Agricultural College and other agricultural 
agencies to provide the best thinking on the adapted crops and methods of 
irrigation to use under local climatic, soil and slope conditions. 

Other portions of this handbook contain information which may be 
required in planning the water supply and conveyance systems. In partic¬ 
ular, the following will be found helpful: 

Part 3 - Estimating Rate and Volume of Runoff 

Part 9 - Earth Dams and Dugouts 

Part 11 - Wells and Pumps 

Part 15 - Structures 

Part 16 - Hydraulics 

In addition, various chapters in Section 1$ of the National Engineering 
Handbook contain information on particular phases of irrigation design. 
These have been distributed to work unit offices and cover in detail such 
stbjects as "Irrigation Pmping Plants", "Land Leveling", "Soil-Water 
Relationships", "Water Measurement", "Border Irrigation", "Furrow Irriga¬ 
tion", "Contour Ditch Irrigation", "Contour Levee Irrigation", "Sprinkler 
Irrigation", etc. 

It is not the intent of this Part of the Engineering Handbook for Work 
Unit Staffs to attempt to treat completely the broad field of irrigation. 
Instead, emphasis will be given to planning the irrigated farm, using the 
Irrigation Guide and assisting the farmer with the more common problems in 
irrigation facing a Work Unit Staff, 
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Many methods and structures for irrigating land have been developed. The 
more important systems are shown above. The variety of methods and structures 
available provides great flexibility in selecting those best suited to your farm and 
your needs. Readying a farm to use irrigation water involves development of a 
complete irrigation plan. This plan should show the land to be cleared, land 
leveling to be done, irrigation methods to be used, and the location of the farm 
irrigation structures. A good farm irrigation system should efficiently perform 
the following functions: (a) deliver water to all parts of the farm when needed, 
(b) deliver water in amounts needed to meet crop demands during peak use periods, 
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Figure 8.1 Some Elements Considered 
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(c) provide complete control of water, (d) measure the amount of water at entry 
into farm irrigation system, (e) divide water in required amounts for use in differ¬ 
ent fields, (f) dispose of waste water, (g) provide for reuse of water on the farm, 
(h) allow free, easy movement of farm machinery, and (i) distribute water evenly 
into the soil of each field. In performing these functions, conservation of the 
water and land resources is a basic consideration. Irrigation and cropping 
methods that best fit the particular soil, slope, crop and water supply should be 
used. This is conservation irrigation and it makes possible irrigation without: soil 
erosion damage, saline or alkaline accumulation, water logging, or undue water loss. 


In Irrigation Planning 














































State Laws 


1. GENERAL (OOKPD) 


Compliance with State Laws in obtaining water rights and in utilising 
irrigation water is the responsibility of the cooperator. However, the 
Service should advise the farmer as to the existence of water laws which 
might affect his plan or installation. Interpretation of a law or advice 
on a legal problem is a function of a lawyer. Care must be taken to re¬ 
fer the farmer to qualified attorneys for advice on legal problems, 

Basic Concepts 

The soil is a storehouse of plant nutrients, a habitat for bacteria., 
an anchorage for plants and a reservoir to hold water needed for plant 
growth. The irrigation farmer is interested in maintaining the water 
supply in the soil for optimum plant growth. To do this, he must know 
how much the soil profile within the root zone of the plant will hold, 
how rapidly the plants will use the water and how long it takes to fill 
the "soil tank” when irrigating. 

Moisture Available for Plant Growth, The farmer should be able to 
estimate how much water is present in the soil at any given time. Figure 
8,2 gives a useful guide for estimating the remaining percent of water 
available to the plant as Judged from the appearance of a sample of the 
soil. In using this method, samples from different depths are taken with 
a shovel, auger or probe and a calculation made similar to that shown in 
Figure 8,3 to determine the moisture present and the amount of irrigation 
water needed. Though this shows the observed data and calculations on a 
form, after a time or two, the farmer can usually carry the calculations 
in his head. The field should be examined at several locations when an 
estimate of this type is made. 

Several mechanical devices are commercially available which provide an 
index of soil moisture. One type measures the change in resistance of ah 
absorbant block buried in the soil. Another measures the tension de¬ 
veloped in a closed tube attached to a water filled porous cup in contact 
with the soil. These instruments have often proven valuable for esti¬ 
mating soil moisture when properly installed on adapted sites. 

Consumptive Use. The rate that moisture is used by the plants plus 
the rate that it evaporates from the field surface is called consumptive 
use. It is usually expressed in inches per day, inches per month or 
inches per season. The amount consumptively used in an irrigated field 
on any given day depends principally upon the temperature, the number of 
daylight hours, the crop, and the stage of growth of the crop. Such 
factors as humidity, cloudiness, wind, and surrounding environment are 
important, but since measurements of this type are not generally available 
they are usually not considered in estimating consumptive use in Western 
States, 







Soil moisture 
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1 BaD U formed by squeezing a handful of soil very firmly. 

Figure 8,2 Guide for Judging how much moisture is available 
for crops. 
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Total 






6.50 


2.44 

4.06 


Available moisture capacity in inches of water per foot depth of soil under average conditions: very heavy, 2.00; 
heavy, 2.20; medium, 2.00; light 1.25; very light 0.75. 


Figure 8,3 Example of estimate made to determine the amount 
of irrigation water needed. 
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1, GENERAL (COMHD) 


Basic Concepts (conb'd) 

Consumpt Ive Use (cont f d) 

The seasonal consumptive use is important in computing the volume of 
water required to be stored in a reservoir* This rate is expressed in 
inches or acre inches per acre and is converted to volume by multiplying 
by the nuniber of acres to be irrigated* 

The peak consumptive use is the highest rate that moisture is normally 
used between any two irrigations during the season* This rate is used to 
compute the required capacities for irrigation conveyance systems* The 
ditch or pipe line must be able to deliver water to a field as rapidly as 
the crop uses it plus the expected deep percolation, runoff and other 
losses* 

Intake Rate* The rate with which water enters the soil is known as 
intake rate* It includes water that enters through cracks, crevices, 
holes, etc*, which are normally in a field. When water is first applied 
the rate is high and it gradually decreases as more and more water has 
entered the soil* Eventually the rate approaches a nearly constant value 
sometimes called the basic rate* 

There are three types of intake characteristics associated with differ¬ 
ent methods of irrigation* The first is the type where the entire surface 
of the ground is covered and the water which enters the soil percolates 
directly downward* This is the intake which occurs when the field is 
flooded using the border, contour ditch, basin or level border method* 

When water is applied with sprinklers, the entire surface is wetted 
and the moisture moves vertically downward, but because of compaction from 
the impact of the droplets the intake characteristic is somewhat reduced. 
This reduction is very slight on soils with extremely high or extremely 
low intake rates, but is very important in the medium textured range — 
especially with soils with a high silt content* 

The third type of intake occurs when the surface of the field is only 
partially covered as with the furrow method of irrigation* In this case 
the moisture can move laterally as well as vertically* Furrow intake is 
measured in gallons per minute absorbed in one hundred feet of furrow. 
Furrow intake rate in gallons per minute per one hundred feet may be ap¬ 
proximately converted to inches per hour by dividing the gallons per minute 
per one hundred feet by the furrow spacing in feet* For example, when 
com is in 36" spacing and the furrow intake rate is 1.2 gpm/lOO feet, the 
intake rate over the field is 1,2 i 3 or 0,1* inches per hour. 

The importance of intake rate to a farmer is that when surface methods 
are used it controls the length of time to accomplish an irrigation* If 
a field will absorb three inches of water in two hours and the desired 
irrigation is three inches, the irrigator must be prepared to change his 
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1. GENERAL (POUT'D) 


Basic Concepts (cont*d) 

Intake Rate (cont*d) 

set every two to two and one-half hours or waste water. One of the dis¬ 
tinct advantages of the sprinkler method of irrigation is that the appli¬ 
cation rate may be considerably less than the intake rate of the soil and 
the irrigation set period may be lengthened to fit in with other farm work. 

Irrigation Efficiency. It is impossible to irrigate so that there is 
not some water wasted. Water may be lost by evaporation or seepage from 
reservoirs or canal surfaces, by runoff and by unequalities in distribution 
of water over a field. The consumptive use times one-hundred and divided 
by the field irrigation efficiency gives the irrigation water requirement 
at the head of the field. The consumptive use times one-hundred and di¬ 
vided by the farm irrigation efficiency gives the irrigation water require¬ 
ment at the farm headgate. 

Relationship to Erosion Control and Drainage, The planner is faced 
with the problem of simultaneously meeting the three following require¬ 
ments: 

(1) Requirements for efficient water application without erosion 

from the applied water. 

(2) Requirements for protection against erosion from rainfall. 

(3) Requirements for providing required surface and subsurface 

drainage. 

The physical layout requirements for the proper application of irriga¬ 
tion water are often diametrically opposed to the physical requirements 
for protecting the land from damaging erosion from rainfall. This is es¬ 
pecially true with surface methods of irrigation. To protect a field 
from storm erosion, it is often desirable to align the row direction so 
the furrows are level, while to best apply irrigation water, it may be 
most desirSble to run the rows directly down the slope. Slope modifica¬ 
tion through the use of contour irrigation with or without terraces and 
contour bench leveling are often used to satisfy both requirements. In 
other instances, conventional erosion control practices are applied and 
the irrigation water applied by sprinklers. 

Similarly the practices of drainage and irrigation are not necessarily 
congruous. On some soils it could conceivably be desirable to apply 
irrigation water try ponding methods such as by the use of level borders, 
but such a practice would not be compatible with the drainage requirement 
for the removal of excess storm water. On the other hand, land leveling 
for irrigation in many instances will aid the surface drainage character¬ 
istics of a field through the elimination of small ponded areas. 

Often the application of irrigation water to land changes the balance 
between recharge and discharge of the ground water which results in changes 



1. GENERAL (COOT'D) 


Basic Concepts (confd) 

Relationship to Erosion Control fend Drainage (conMd) 

in the elevation of the water table* Usually when water is diverted onto 
an area from an outside source, the water table rises and may reach a point 
where subsurface drainage installations are required. When irrigation 
water is pumped from the water table, the water table may drop. When sub- 
irrigation is the method of applying water, subsurface drainage must neces¬ 
sarily be of a controlled type. 

When the planner has met the requirements for efficient irrigation 
application, effective erosion control and adequate surface and subsurface 
drainage, he has developed a plan which truly sets a framework for conser¬ 
vation irrigation by the farmer. 


Soils 


2, SURVEYS AM? INVESTIGATIONS 


A detailed soil survey is essential to the proper planning of an irri¬ 
gation system. Such surveys show the soil series and type, or a function¬ 
al code which describes the characteristics of the soil profile. They 
provide the basis for use of the irrigation guide in selecting irrigation 
methods. It is also helpful to obtain specialised information from the 
soil scientist of any special soil conditions encountered which may affect 
an irrigation plan. 

The field should be examined prior to actual layout with soil charac¬ 
teristics and slope in mind, A change in soil, or significant departure 
from a uniform slope may cause unequal water application regardless of the 
size of irrigation stream or length of run. 

Topography 

Topographic information is essential to the intelligent planning of an 
irrigation system. As a minimum, surveys should include sufficient detail 
to show or plan the following: 

a. Source and elevation of the water supply to the area tinder 

consideration. 

b. Landscape features such as fences, buildings, roads, shelter- 

belts, etc,, that may influence the design of the system, 

c. Present field boundaries and direction of irrigation. 

d. Location and capacities of permanent irrigation ditches and 

structures. 

e. Location and capacities of temporary field ditches or porta¬ 

ble pipes and flumes. 

f. The drainage pattern of the farm including the location and 

capacities of waste water disposal ditches and structures. 
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2. SURVEYS AMD INVESTIGATIONS (COWT'D) 


Topography jcont'd) 

The scale and contour interval of topographic naps will vary widely 
depending upon site conditions and the methods of irrigation under consider¬ 
ation, The scale may vary from 1 inch equals 100 feet to 1 inch equals 
1*00 feet, depending upon the irregularity of the ground surface and the in¬ 
tensity of landscape features. Likewise, the contour interval might vary 
from 0,5 to 5 or 10 feet depending upon slope. The objective should be to 
provide a map containing all of the necessary data in sufficient sise to 
show the irrigation plan without undue crowding. 

It should be pointed out that topographic maps are not required in all 
instances for planning irrigation improvements. For example, in the par¬ 
tial reorganization of an existing system, the planning of grade control 
structures in a properly located ditch might only require a profile and 
cross section of the ditch with the turnout locations and elevations to 
field laterals noted. Likewise, the installation of a sprinkler system 
does not require the same detail of topographic information as is required 
for a surface irrigation system. 

Sub-irrigation systems require special investigations beyond the scope 
of this handbook. Such problems should be referred to engineering 
specialists. 

Water Supply 

Quantity. The quantity of water available for irrigation must be de¬ 
termined, if the source of the water is from a reservoir, the acre feet 
available during the season should be investigated. 

It is also important to know the rate at which the water can be deliver¬ 
ed to the farm. This rate is usually expressed in miners inches or cubic 
feet per second at the headgate or diversion or in gallons per minute, if 
from a pump. 

An investigation Should be made to determine the reliability of the 
water supply and the frequency and season of expected shortages noted. 

Quality, When irrigation water is transpired by the plants, most of 
the salts that were in the water may remain in the soil unless excess 
water is provided to leach the salts downward. The total concentration of 
soltble salts, the relative proportion of sodium to other cations, the 
presence of toxic amounts of boron or other elements, and the relative con¬ 
centration of bicarbonates to calcium and magnesium should be determined. 
Facilities are available through State Agricultural Colleges, Public Health 
Departments, and other laboratories to test water quality. In areas where 
the water quality is not known, tests should be made and evaluated by soil 
scientists or specialists. 



2. SURVEYS AND INVESTIGATIONS (COOT »D) 


Farm or Ranch Enterprise 

An investigation for planning an irrigated farm is not complete until a 
Knowledge is obtained as to the type of enterprise that the farmer plans to 
develop. The types of crops to be grown, the labor supply available and 
the intensity of the operation all have an influence on the layout. In 
many instances, the farmer or rancher may have preconceived opinions as to 
the best methods and layout. It is the Job of the planner to suggest 
alternates so as to provide a sound basis for his final decision. 


3. DESIGN 


Use of the Irrigation Guide 


Figure 8,4 shows a typical page in an Irrigation Guide. Since a guide 
is developed for a specific location, each guide is different and is tai¬ 
lored to meet the conditions of that location. The guide contains princi¬ 
pally engineering information that will assist with layout and encourage 
proper irrigation water application. It should be noted that each soil 
group is broken into several slope groups, each with separate recommenda¬ 
tions. 

Soils. Columns 1 and 2 describe the soil profile and give the soil 
code symbol or series and type for which the irrigation specifications 
apply. The code symbols are given in the form used locally for soil map¬ 
ping. In the preparation of the guide, soils having similar intake char¬ 
acteristics and water holding capacities have been grouped. 

Column 3 gives the design values for waterholding capacity used. Fig¬ 
ure 8.4 indicates that for these soils, the profile will hold 9.6 inches of 
moisture available to the plant in a depth of 5> feet. 

Crops. Column 4 indicates the crops normally considered adapted lo¬ 
cally. It does not necessarily mean that other crops may not be recom¬ 
mended. When other crops are to be grown, the problem should be referred 
to the Area Engineer for specific recommendations. 

Column 5 shows the depth from which each crop normally draws most of 
its moisture. When the soil is shallow, these soil limitation governs. 

Column 6 provides information as to the net irrigation Which should 
normally be applied. For example, on these soils the normal net irriga¬ 
tion for potatoes is 2.0 inches while for sugar beets it is 3.9 inches. 

Column 7 indicates the fastest rate at which each crop may be expected 
to use water between irrigations during the summer. Column 8 indicates 

the number of days the normal irrigation application will last during the 
peak period. Figure 8.4 shows that potatoes can be expected to use water 
at a maximum of 0.27 inches a day for a 7-day period while corn will have 
a peak rate of 0,28 inches per day for a 19-day period. 




Figure 8 # ii ~ Example of e Page In an Irrigation Guide 




























































































































3. DESIGN (COWPD) 


Use of the Irrigation Guide (confd) 

Crops (contM) 

Since irrigation water must be applied to a field as rapidly as the 
plants use it, these figures provide the basic information for computation 
of the size of ditch, canal or pipe line needed. 

Irrigation Specifications# Columns 9 through 16 provide the informa- 
tion necessary to determine the adapted irrigation method and data for its 
design. Figure 8.1* shows for example, that with alfalfa on slopes between 
0 and 0.1$, level borders are recommended or on slopes up to 0.25/S, borders 
or sprinklers may be used, but on slopes between 2 and 1$, the choice of 
methods is between corrugations, contour ditch or sprinklers. These col¬ 
umns will be treated in some detail in the next paragraphs. 

Conservation Irrigation Methods 

Level Borders. The level border method of irrigation consists of sur¬ 
rounding a nearly level area with a low dike and quickly filling the area 
with the desired amount of water. A temporary pond is created until the 
water is absorbed by the soil. 

Both row crops and close grown crops are adapted to use with level 
borders as long as the crop is not affected by temporary inundation or is 
planted on beds so that it will remain above the water level. 

The Irrigation Guide in Column 11 gives the Unit Stream Size to use 
on this particular soil with each crop. A Unit Stream is the size stream 
which is needed for each strip of land that is one-foot wide and 100 feet 
long. A level border on these soils when in grass requires a unit stream 
of 0.0076 c.f.s., and if the border is to be 100 feet wide and 500 feet 
long, the required stream size is: 

100 ft. x 500 ft. x 0.0076 c.f,s./100 sq. ft. - 3.8 c.f.s. 

The guide also shows in Column 16 that this stream should be turned in¬ 
to the level border for 1.7 hours. A larger stream could be used if the 
time of irrigation is shortened in proportion, but a smaller stream should 
not be used for this size level border. If only 2 c.f.s., is available, 
the border could be made either shorter or narrower or both. If the 
field layout would conveniently permit the length to be 250 feet, the maxi¬ 
mum width can be computed. 

Width ■ 2 c,f.s./0.0076 c.f.s. x 2,5 hundred feet 
■ 105 feet 

The guide also indicated that the length Should not be greater than 
1320 feet (Column 13). Figure 8,5 shows the maximum length allowable when 
border ridges are lower than those anticipated by the guide. A free board 



MAXIMUM LENGTH OF HUM 
FOR LEVEL BORDERS 
in feet 

Alfalfa, Snail Grain and Grass 
n - 0.11*86 


Unit 
Stream 
c.f .s. 

d - depth of flow at inlet 

0.8» 

0.7’ 

0.6’ 

0.5’ 

0.1*' 

0.3’ 

0.05 

U50 

350 

300 

225 

175 

100 

o.ol* 

525 

1*25 

350 

250 

200 

125 

0.03 

625 

500 

1*00 

325 

225 

150 

0.025 

700 

575 

1*75 

350 

250 

175 

0.02 

800 

675 

525 

1*00 

300 

200 

0.015 

975 

825 

650 

500 

375 

250 

0.0125 

1100 

925 

725 

575 

1*00 

275 

0.01 

1300 

1075 

850 

65o 

1*75 

325 

0.00? 

1375 

1150 

925 

700 

500 

350 

0.008 

1500 

1250 

1000 

750 

550 

375 

0.007 

1625 

1350 

1075 

825 

600 

1*00 

0.006 

1825 

1500 

1200 

925 

675 

1*50 

0.005 

2050 

1700 

1350 

1050 

750 

500 

0.001* 

21*00 

1975 

1575 

1225 

875 

575 

0.0035 

2600 

2150 

1725 

1325 

950 

625 

0.003 

261*0 

2350 

1875 

11*50 

1050 

700 

0.0025 

261*0 

261*0 

2150 

1650 

1200 

775 

0.002 

261*0 

261*0 

21*75 

1900 

1375 

900 

0.0015 

261*0 

261*0 

261*0 

2350 

1700 

1125 

0.001 

261*0 

261*0 

261*0 

261*0 

2200 

11*50 


Figure 8.5 
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3. DESIGN (CONT'D) 

Conservation Irrigation Methods (cont*d) 

Level Borders (confd) 

of 0,2' should be provided above the flow depth. Figure 8.U also shows 
that with grass the estimated design field efficiency is 70#, (Column 1U), 
and that a gross application of inches (Column 15), is required to make 
the normal net application of 3.9 inches (Column 6), 

The maximum length of level borders is governed by the maximum height 
of dike normally considered satisfactory in the area. The length must be 
shortened if a lower dike is used. 

As the intake rate of the soil increases, the stream size must also in¬ 
crease, and so it often becomes impractical to use level borders on sandy 
soils. However, they can be used if the conditions specified in the guide 
can be met. 

Level borders are very useful when leaching is required to remove salts 
from the soil profile. 

When permanent border dikes ase to be used with several crops in a ro¬ 
tation, the largest unit stream listed in Column 11 for the various crops 
should be used for design. 

The area within a level border must be carefully leveled. There 
should be no cross slope and the total fall within the length of the bor¬ 
der should be about half the normal net application depth. Thus, for the 
105 » x 25>0' level border in the example above, the total fall in the length 
of the border should be about 2 inches since the net application for grass 
is 3*9 inches. 

Provision for draining excess water should be provided when the basic 
intake rate of the soil (Column 10) is less than 1.0 inch per hour or when 
crops are likely to be damaged by inundation in a period of four hours or 
less. The drainage gates should remain open except when irrigating. 

Borders. With the border method of irrigation, the field is divided 
into rectangular parallel strips separated by small earth dikes called bor¬ 
der ridges. These ridges are broad and low enough so that they can be 
planted and harvested with the rest of the field. 

The border method is adapted to close growing crops, A stream of 
water is introduced into the upper end and it flows across the field in a 
sheet between the border dikes. By selecting the proper stream size, a 
very efficient irrigation application results. 

The specifications included in the guide for borders are the same as 
for level borders. The unit stream is the size stream required for each 
unit one foot wide and 100 feet long. In addition, a range of border 
widths usually used in the area is given in Column 12. The selected 



8-15 


3. DESIGN (COOT *D) 

Conservation Irrigation Methods (cont'd) 

Borders (cont'd) 

spacing must not be greater than that which vlll provide a cross fall with¬ 
in a border of more than 0*1 foot. Thus, on a field which has been leveled 
to a cross slope of 0.3$, the borders should not be more than 33 feet wide 
while with a cross slope of 0 , 7 %, 50 foot wide borders may be used. When 
possible, the cross slope should be zero. 

Ideally, borders should have a uniform slope in a dovnfield direction. 
When this is not possible, the steepest slope should not be greater than 
twice the flattest and the slope should either steadily increase or de¬ 
crease in a downstream direction. Undulating slopes are inefficient. 

Figures 8.6 and 8.7 show the maximum length of run as determined by 
border ridge height and erosive limitations for alfalfa and small grain or 
grass pasture. Flatter slopes require higher dike heights for the same 
length of run. 

An example might be the use of grass on a slope of 0 . 2 %, Figure 8.1* 
shows that the unit stream is 0.001*8 c.f.s., and that the maximum length of 
run considered for the area is 1320 feet. Figure 8.7 shows that with this 
unit stream (use 0.005), the 1320 foot length would require a depth of flow 
in excess of 0.3', say 0.1* f . Normally, 0.2' freeboard is added to this so 
the settled border ridge height must be 0,6*. If the length could be cut 
back to 1200 feet or less, the ridge height would be reduced to 0.3' + 0.2' 
or 0.5*. 

Furrows. The furrow method of irrigation is used, as the name implies 
in the irrigation of crops which are planted in rows with furrows developed 
between the rows in the planting and cultivating processes. 

For the best irrigation efficiency with the furrow method, the largest 
practical stream should be used to force the water across the field and 
then the stream should be cut back to the size which will keep runoff 
losses to a minimum for the balance of the irrigation. The maximum stream 
size which may be used depends upon the furrow size and shape and the 
slope. From an erosion standpoint, the maximum stream in g.p.m,, should 
not exceed the value of 10 divided by the slope in percent. 

The stream should reach the end of the run within one-fourth of the 
time that it takes for the desired application to be absorbed. Since the 
lower end of the furrow also needs to be irrigated, the irrigation should 
continue for an additional period sufficient to completely irrigate the 
lower end. Thus the total irrigating time equals one and one-fourth times 
the period for the desired application to be absorbed, and the time for the 
water to reach the end of the run equals ^/l^ or 1/5 of the total irriga¬ 
ting time. 
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MAXIMUM LENGTH OF RUN 
FOR BORDER IRRIGATION 
in feet 

Alfalfa and Small Grain 
n ■ 0.11*86 


Unit 
Stream 
c.f. s. 


0.05 


0.025 


0.02 


0.015 


0.0125 


0.010 


0.009 


0.008 


0.007 


0.006 


0.005 


0 . 001 * 


0.0035 


0.003 


0.0025 


0.002 


0 - 0.25!? 


Slope Group 


0.25 - 0.5# 0.5-1# 1-2# 2-1*# 


Design Slope 


0 . 1 *# 


0.75# 1.5# 3# 


Non- d ■ 
Eros. 0,6 * 


E 




li 




d • d ■ |Non- d ■ |Non- IN 
0,3’ 0,2 , |Eros, 0.2*|Eros. |E: 


118 



Maximum Q per ft. of border width, c, f. s. 


.2000.1910 


1*00 375 


275 200 





2500 237 


261*0 261*0 


261*0 261*p 


261*0 261*0 


9! 


.1190 

.0850 


. 071*5 

521 

.01*1*3 

.0263 

250 

175 

m 

150 

125 

100 

50 

300 

200 

HQ 

175 

150 

100 

75 

1*00 

275 

1 

250 

200 

150 

75 

1*75 

350 

175 

300 

225 

175 

100 

600 

1*25 

225 

375 

300 

225 

125 

600 

♦ 

550 

300 

500 

1*00 

300 

175 

950 

675 

350 

600 

1*75 

350 

200 

1200 

850 

1*25 

750 

600 

1*50 

250 

1325 

95<> 

1*75 

825 

650 

500 

300 

11*75 

1050 

550 

925 

750 

550 

325 


2025 1375 850 1*25 1700 1225 625 1075 850 625 


2350 1625 1000 500 1975 11*25 725 1250 975 750 

. / 


261*0 1950 1200 600 2375 1700 875 1500 1175 875 


261*0 261*i 


261*0 261*0 


261*0 261*0 


261*0 261*0 


1500 775 261*0 2125 1075 1875 11*75 


61*0 1725 875 261*0 21*25 1225 2125 1700 


261*0 261*0 2000 1025 261*0 261*0 11*50 


261*0 261*0 21*00 1225 261*0 261*0 1750 


261*0 261*0 261*0 1530 Borders not generally recommended 


Figure 8.6 
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MAXIMUM LENGTH OF RUN 
FOR BORDER IRRIGATION 
in feet 

Sod Forming Grasses 
n ■ 0.11*86 



Slope Group 



0 - 

0 . 25 # 


0.25 

- 0 . 5 # 

o .5 

- 1 # 

1 - 2 # 

_ 

2 - 1 *# 


Design Slope 

Unit 

Stream 

0 . 2 # 

0 . 1 *# 

0 . 75 # 

1 . 5 # 

3 # 



d “ 

0 . 6 ' 

d ■ 

o . 5 * 

d - 

0 . 1 *' 

d ■ 
0 . 3 * 

Non- 

Eros. 

d ■ 

0 . 5 ' 


d - 

0 . 3 ' 

rHSB 

d • 
0 . 3 ' 

Non- 

Eros. 

Non- 

Eros. 




Maximum Q per ft 

of border width, c.: 

f.s. 




CO 

.1910 

. 11*10 

£971 

£601 

.2380 

.1992 

. 1371 * 

£850 

. 11*90 

221 

.0886 

.0526 j 

0 . 0 ^ 

5 oo 

375 

275 

200 

125 

1*75 

1*00 

275 

175 

. 

300 

225 

175 

100 

0 . 01 * 

625 

1*75 

350 

250 

150 

600 

500 

350 

200 

375 

300 

225 

125 

0.03 

825 

625 

1*75 

325 

200 

800 

675 

1*50 

275 

500 

375 

300 

175 

0.025 

975 

775 

575 

1*00 

250 

950 

800 

550 

350 

600 

1*75 

350 

200 

0.02 

1225 

950 

700 

500 

300 

1200 

1000 

675 

1*25 

750 

575 

1*50 

275 

0.015 

1650 

1275 

950 

650 

1*00 

1600 

1325 

925 

575 

1000 

775 

600 

350 

0.0125 

1975 

1525 

1125 

775 

1*75 

1900 

1600 

1100 

675 

1200 

925 

700 

1*25 

0.010 

21*75 

1900 

11*00 

975 

600 




850 

1500 

1175 

875 

525 

0.009 

261*0 

2125 

1575 

1075 

675 

261*0 

2200 

1525 

950 

1650 

1300 

975 

575 

0.008 

261*0 

2375 

1750 

1225 

750 

261*0 

2500 

1725 

1050 

1875 

11*50 

1100 

650 

0.007 

261*0 

261*0 

2025 

1375 

850 

261*0 

261*0 

1950 

1225 

2125 

1675 

1275 


0.006 

261*0 

261*0 

2350 

1625 

1000 

261*0 

261*0 

2300 

11*25 

21*75 

1950 

11*75 


0.005 

261*0 

261*0 

261*0 

1950 

1200 

261*0 

261*0 

261*0 

1700 

261*0 

2325 

1775 


o . ool * 

261*0 

261*0 

261*0 

21*25 

1500 

261*0 

261*0 

261*0 

2125 

261*0 

261*0 



0.0035 

261*0 

261*0 

261*0 

261*0 

1725 

261*0 

261*0 

261*0 

261*0 

261*0 

261*0 



0.003 

261*0 

261*0 

261*0 

261*0 

2000 

261*0 

261*0 

261*0 

261*0 





0.0025 

261*0 

261*0 

261*0 

261*0 

21*00 

261*0 

261*0 

261*0 






0.002 

261*0 

261*0 

261*0 

261*0 

261*0 

Borders not generally recommended 



Figure 8.7 
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3. DESIGN COOMT *D) 

Conservation Irrigation Methods (cont»d) 

Furrows (contM) 

The Guide, Figure 8.U, shows that for corn on a slope between 0 and 
0.25*, the maximum stream which may be introduced into a furrow is 1*0 gal¬ 
lons per minute (Column 11), With this stream, the average furrow intake 
rate for the normal irrigation, 5*2 inches (Column 6) is 1.1* gallons per 
minute per 100 feet of furrow (Column 10), With a 36-inch furrow spacing 
(Column 12), it will take approximately lit. hours to complete the irrigation 
(Column 16), We would expect the water to have reached the end of the run 
in 1/5 this time (11* x 1/5 *2.8 hours). From past experience, it has 
been found that this stream will advance 1600 feet (Column 13) in 2,8 hours 
so this is the maximum length of run. 

The Guide also shows that the estimated field efficiency is approxi¬ 
mately 70* (Column lU) and the gross irrigation application is 7*5 inches. 

Cross Slope Furrows, In many fields with smooth slopes, it is desir¬ 
able to make the rows parallel to a fence or other boundary and the fur¬ 
rows do not run directly down the slope. This introduces cross slope 
between the furrows Which is satisfactory as long as the furrows are deep 
enough and the soil stable enough so that irrigation water or storm runoff 
does not break over from one furrow into another. It is good practice to 
limit the cross slope to one-half the furrow grade. 

When the design contemplates cross slope irrigation, the slope group in 
the Guide should be selected as that which matches the furrow slope (not 
the land slope). 

Contour Furrows, Contour furrows may be used on moderately steep 
slopes when medium deep furrows can be developed. They may be installed 
in conjunction with terraces on lands whioh require terraces for protec¬ 
tion against erosion. The allowable cross slope for furrows is shown in 
Figure 8,8, 


Depth of 
Furrow 

Soil Texture 

Heavy to Med, 

Light 

Very Light 

Deep (9") 

8* 

5* 

2* 

Medium (6") 

3* 

2* 

1* 

Shallow (3 W ) 

0.5* 

0.3* 

- 


Figure 8.8 Maximum Cross Slope in Furrows 


Figure 8.1* recommends the use of Contour Furrows (with terraces) on the 
2—1$ slope range for corn sorghum and potatoes. When used to irrigate po¬ 
tatoes, the Guide recommends the use of a 20 g.p.m,, maximum stream size. 
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3, DESIGN (COOT »D) 

Conservation Irrigation Methods (confd) 

Contour Furrows (contM) 

with a maximum length of run of 700 feet making a gross application 3.5 
Inches In approximately U.7 hours. 

The planting of contour furrows must be carefully done. When the 
guide lines or terraces diverge, the lower guide line should be followed — 
when they converge, the rows are made parallel to the tipper guide line. 

This Insures that every furrow has a grade at least equal to the grade of 
the guide lines or terraces. Figure 8.9 shows an example of how this is 
done. 

Corrugations. Corrugations are identical with furrows except they are 
used with close grown crops and may be spaced In accordance with the prop¬ 
erties of the soil instead of the requirements of the crop. In Figure 8.1* 

it is noted that corrugations are recommended for small grain In the 2-1# 
slope range. The guide recommends a spacing of 20 Inches, the use of a 3 
g.p.m., maximum stream and a maximum length of run of 150 feet. The nor¬ 
mal gross application of 7 inches would require an irrigation time of ap¬ 
proximately 17 hours. 

Sometimes corrugations are used in conjunction with other methods to 
facilitate the spread of water or to reduce crusting damage. They are 
often used between borders to irrigate a crop up or may be used to guide 
water to small ridges between contour ditches. When used in this manner, 
the system design is not based upon the specifications for corrugations 
but rather upon the specifications for the methods which they facilitate. 

Contour Ditch. The contour ditch method is widely used for irrigating 
close grown crops on steep slopes. With this method, ditches are laid out 
across the slope on a slight grade. Water is released from the ditches by 
means of siphon tubes or openings in the ditch bank. Plowing of a furrow 
on the lower side of the graded contour ditch and throwing the furrow a- 
gainst the lower bank is a simple improvement that allows more uniform dis¬ 
tribution of flow and generally increases the efficiency of this method. 

The sample Irrigation Guide, Figure 8.1* shows that for small grain on 
slopes between 1* and 6% y the contour ditch method is adapted, that the 
average horizontal spacing between ditches should be 100 feet (Column 12) 
and to apply the normal gross application of 8 inches (Column 15>) the set 
should be run for about 7.5 hours. 

Sprinkler. The sprinkler method applies the irrigation water by means 
of a spray somewhat resembling rainfall. Sprinkler systems are normally 
designed by the company which sells them, and to do an adequate job, they 
need to know several things with respect to the site conditions. The 
Irrigation Guide will give the following required information: 
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Figure 8.9 Contour Furrows with Terraces 
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3. DESIGN (CONPD) 

Conservation Irrigation Methods (cont *d) 

Sprinkler (contM) 

1. Is the soil-slope group adapted to sprinklers (Column 9). 

2. The peak consumptive use rate (Column 7)» 

3. Maximum sprinkler intake rate (Column 10). 

U. Net moisture to be replaced, (Column 6). 

The estimated sprinkler field efficiency Is Shown in Column 15. The 
time of application depends upon the rate at Which the water is applied and 
so no figure is shown in the Guide. 

Sdb-Irrlqatlon, The stib-irrigation method requires rather special 
site conditions since it is necessary to have complete control of the water 
table through control of water application and drainage. For this reason, 
the method is seldom mentioned in the Irrigation Guide. Each site requires 

special investigations and problems of this nature should be referred to 
the Engineering Specialists. 

Water Conveyance. 

Capacity. Irrigation water must be conveyed from its source through 
a system of canals, pipe lines, struct tires, etc., to the individual furrow 
border or sprinkler head. On projects or group systems a canal system 
usually delivers the required flow to the farm headgate. The farm planner 
must provide conveyance from the headgate or farm source to the individual 
field and furrow. The conveyance system must have a capacity to deliver 
to the field a flow: 

1. Adequate to meet the consumptive use of the crops to be 

grown in the field with proper provision made for the 
expected field irrigation efficiency, and 

2. Adequate to meet the largest irrigation head required 

for the irrigation methods planned for the field. 

For example, let us assume the following site conditions and crops: 


Soil: 

Tripp silt loam. 

Slope: 

0-0.25* 


Crops: 

Alfalfa 

Uo acres. 


Com 

60 acres. 


Potatoes 

20 acres. 


S. Grain 

20 acres. 


Pasture 

20 acres. 


Irrigation Methods: Largest stream required is 2.0 c.f.s. 



3. DESIGN (POUT'D) 


Water Conveyance (confd) 


Capacity (confd) 

Referring to Figure 8.U, Columns 7 and lU, the calculation is made as 
follow: 


Crop 

Acres 

Peak 

Consumptive 

Use 

Inch/day 

Net 

Requirement 

Ac.in./day 

Estimated 

Field 

Efficiency 

Gross 

Field 

Requirement 
Ac,in./day 

Alfalfa 

HO 

0.27 

10.8 

75# 

1H.H 

Com 

60 

0.28 

16.8 

70# 

2U.0 

Grass 

20 

0.29 

5.8 

75# 

7.7 

Potatoes 

20 

0.27 

5.U 

70# 

7.7 

Small Grain 

20 

0.25 

5.0 

75# 

6.7 


160 




60.5 


One c.f.s., flow on the field for one hour will provide one acre inch. 
If the farmer obtains his water from a headgete on a 2U-hour basis, he will 

be receiving 2U acre inches per day for every cvibic foot per second he can 

deliver to the field. Since his peak requirement is 60.5 acre inches, his 
flow should be not less than 60.5 t 2U or 2.52 c.f.s., to the field. This 
stream is also of sufficient size to meet the requirements of the irriga-* 
tion methods to be used. 

If he is pumping and only wants to irrigate 12 hours a day, he will 
need a larger flow. The field flow requirement in this instance would be 
60,5 4 12 ■ 5.Oli c.f.s,, or 5.0U x U50 ■ 2268 g.p.m. 

There will be some waste in getting the water from the headgete or pump 

to the field. If the water is carried in buried or surface pipe lines, 

this loss may be negligible. In lined ditches, the loss will also be very 
slight, depending upon the type of lining and its condition. Water con¬ 
veyed in open uniined ditches may have considerable loss — sometimes 
20#-50# per mile or more on permeable soils. When unlined ditches are 
used, the farm requirement is greater than the field requirement by the 
amount of the ditch losses. 

Open Ditches. Capacities and dimensions of permanent open ditches are 
given in Figure 8.10, A ditch must be selected which will safely convey 
the stream as computed above. For example, when the field requirement was 
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IRRIGATION DITCH SECTIONS WITH REQUIRED LATERAL BEDS 




s s 0.0005 

8 a 0.001 

e a 0.002 

Ss 0.003 

n = 0.03 

n s 0.0l* 

n a 0.03 

n = 0.01* 

n a 0.03 

n ■ 0.01* 

n a 0.03 

n * 0.01* 

Ditoh 

Ho. 

b 

d 

F 

w 

R 

A 

r 

V 

Q 

V 

Q 

V 

Q 

¥ 

Q 

V 

Q 

V 

Q 

V 

Q 

V 

Q 


foot 

feet 

feet 

foot 

feet 

sq.ft. 

feet 

ft/USO a 

ofe 

ft/sec. 

ofe 

ft/sec. 

ofe 

ft/seo 

1 ofe 

ft/seo 

, ofe 

ft/seo 

ofe 

ft/seo. 

ofe 

ft/seo < 

ofs 

612 

0.5 

1.0 

0.5 

1.00 

8.5 

2.00 

0.1*9 

0.<# 

1.1* 

0.51 

1.0 

0*97 

1.9 

0.73 

1*5 

1.37 

2.7 

1.03 

2.1 

1.68 

%u 

1.26 

2.5 

1212 

1.0 

1.0 

0.5 

1.50 

10.0 

2.50 

0.51* 

0.73 

1.0 

0.55 

1.1* 

1.03 

2.6 

0*78 

2.0 

1.1*7 

3.7 

1.10 

2.8 

1.79 

U .5 

1.35 

3.1* 

1812 

1.5 

1.0 

0.5 

2.00 

11.5 

3.00 

0.59 

0.78 

2.3 

0.58 

1.7 

1.10 

3.3 

0.83 

2.5 

1.56 

1**7 

1.17 

3.5 

1.91 

5.7 

I.li3 

1**3 

PljtP 

2.0 

1.0 

0.5 

2.50 

13.0 

3.50 

0.62 

0.01 

2.8 

0.60 

2.1 

1.13 

1*.0 

0.86 

3.0 

1.61 

5.6 

1.21 

U .2 

1.97 

6.9 

l.l* 

5.2 

1211* 

1.0 

1.2 

0.7 

1.25 

11.3 

3.36 

0.63 

0.81 

2.7 

0.61 

2.0 

1.15 

3.9 

0.87 

2.9 

1.63 

5.5 

1.22 

U.I 

1.99 

6.7 

1.50 

5.0 

1011* 

1.5 

1.2 

0.7 

1.50 

12.3 

3-96 

0.66 

0.66 

3-U 

0.61* 

2.5 

1.21 

1*.8 

0.91 

3.6 

1.71 

6.8 

1.28 

5.1 

2.09 

8.3 

1.57 

6.2 

2101) 

2.0 

1.2 

0.7 

2.00 

13.8 

1*.56 

0.72 

0.89 

l*.l 

0.67 

5.1 

1.25 

5.7 

0.91* 

1**3 

1.78 

8.1 

1.33 

6.1 

2.18 

9.9 

1.63 

7.1* 

1816 

1.5 

1.33 

0.77 

1.75 

13.6 

U.65 

0.71* 

0.90 

U.2 

0.68 

3.2 

1.28 

6.0 

0.96 

fc.5 

1.81 

8.1* 

1.36 

6.3 

2.22 

10.3 

1.66 

7.7 

2146 

2.0 

1.35 

0.77 

2.00 

llt.6 

5.31 

0.78 

0.91* 

U.9 

0.71 

3.8 

1.33 

7.1 

0.99 

5.3 

1.88 

10.0 

1.14 

7-5 

2.30 

12.3 

1.72 

9.2 

2148 

2.0 

li5 

1.0 

1.50 

15.5 

6.38 

0.86 

1.00 

6.1* 

0.75 

i*»8 

1.1*2 

9.1 

1.06 

6.8 

2.00 

12.8 

1.50 

9.6 

2.15 

15.6 

1.83 

11.7 

36X8 

5.0 

1.5 

1.0 

2.00 

17.5 

7.88 

0 . 91 * 

1.06 

8.1* 

0*80 

6.3 

1.50 

11.6 

1.12 

6.6 

2.13 

i6.e 

1.59 

12.5 

2.60 

20.5 

1.95 

15*U 

2Zt21 

2.0 

1.75 

1.1 

1.75 

17.1* 

8.10 

0.98 

1.09 

8.0 

0.82 

6.6 

1.55 

18.6 

1.15 

9.3 

2.19 

17.7 

1.61* 

13.3 

2.67 

21.6 

2.00 

16.2 

3621 

3.0 

1.75 

l.l 

2.50 

19.9 

9.85 

1.06 

1.15 

11.3 

0.66 

8.5 

1.63 

16.1 

1.22 

12.0 

2.30 

22.7 

1.73 

17.0 

2.62 

27.8 

2.11 

20.8 

li 821 

kmO 

1.75 

1.1 

3.00 

21.9 

11.60 

1.13 

1.20 

13.9 

0.90 

10.1* 

1.70 

19.7 

1.27 

ll*.7 

2. If) 

27.8 

1.80 

20.9 

2.91* 

ji*.i 

2.21 

25.6 

3621* 

3.0 

2.0 

1.3 

2.25 

21.3 

12.00 

1.18 

1.21* 

U*.9 

0.95 

11.2 

1.75 

21.0 

X.31 

15.7 

2.1*7 

29.6 

1.86 

22.3 

3.03 

J8.1* 

2.27 

27.2 

1)821* 

1*.0 

2.0 

to 

3.00 

23.8 

U+.00 

I.25 

1.28 

t.7«? 

0.96 

13-U 

1.82 



19.0 

g -57 

36.0 


27.0 



g-36 

??•? 


A* eroas Motional area in iqiiara foot, 
r * faydraullo radius in foot, 
n • eooffiolont of roughnees. 

Uso ns 0*0) for bare ground. 

Deo n * O.Qi* for grassed ditoh bottom. 

Figure 8.10 


e * slope in foot por foot. 

V a Tolooitj in foot por eoeond. 

Q * oapaeitj of ditoh in oubio foot por eooond. 


SOIL CONSERVATION SERVICE 


Irrigation Ditch Sections with Required 
Lateral Beds 






8 - 21 * 



2,^2 c.f.s,, and if it is estimated on this soil that the losses in convey¬ 
ing the water to the field is 25£, the ditch capacity should be computed: 


2,52 

1.00-0,23 


3.36 c, f, s. 


If the grade of the ditch is to be 0,001 (0,1$) and the ”n” value is 
0,03, from Figure 8,9 it can be seen that two ditch sections may be consid¬ 
ered, The first is a 21*12 ditch (bottom width 21* inches, flow depth 12 
inches) which will convey 1*,0 c,f,s,, with a velocity of 1,13 ft,/sec. The 
second is a 1211* ditch (bottom width 12 inches, flow depth 11* inches) which 
will convey 3,9 c,f,s,, with a velocity of 1,15 feet per second. The first 
ditch will require a lateral bed width, "R" of 13.0 feet and the second 
11,3 feet. This difference may be of importance if there are long lateral 
fills to build. 

In designing a permanent ditch, a profile of the centerline showing the 
location and elevation of the water supply and any required turnouts, 
crossings, drainage by-passes, etc,, is required. Figure 8,11 shows an 
example of the design of a permanent ditch. Here the delivery water stir- 
face from the Hollis Canal was 86,1*, The plan indicated that a turnout 
was needed at Sta 04-00 and Sta 2+1*0 and that the water must be delivered to 
Sta 84-00. 


To provide an adequate irrigating head, the water surface should be at 
least 0,5 feet above the field surface at all delivery points. Control 
points were then established one-half foot above the ground surface at 
Sta 04-10, 2+1*0 and 8+00, The water surface profile was then plotted pro¬ 
viding the necessary drop structures and fills so that the elevation of the 
control points could be met. 

Struct tires. Drops should be placed in a ditch line when the velocity 

of the water exceeds the allowable velocity as shown in Figure 16,5, 

Canals lined with bentonite or clay should have velocities not to exceed 
1.5 ft./second, or if covered, the permissible velocity for the exposed 
material. Concrete lined ditches should be held below 10 feet per second. 

Drop structures in a ditch line should be placed so that, if desired, 
they can be used to divert water onto the land, A good rule to use for 
the location is to place the structure about 10 or 15 feet downstream from 
the point where the water surface is 0,5 feet above the graded land surface. 
This procedure appears to place the structures on fill, bub since the line 
represents the water surface and not the ditch bottom, actually the struc¬ 
ture will always be on firm ground. 


c 





Figure 8.11 Example of Permanent Ditch Design 
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3. DESIGN (COMT’D) 


Water Conveyance (cont *d) 

Struct tires (contM) 

The height of drop structures selected to lower water from one control 
point to another must be based on a study of the economics involved and the 
desires of the farmer. Since two smaller drops take more materials and 
labor than one larger structure, the tendency in newly irrigated areas is 
to use fewer, higher drops and keep the cost down. It has been noted that 
in many of the older irrigated areas, the tendency is to use more small 
drops to eliminate deep ditches between structures. For small farm 
ditches, the height of the drop in feet should not exceed the land slope in 
percent and a drop over three feet in height should seldom be used. With 
large streams this is sometimes increased. On steep slopes, it is often 
advisable to utilize a concrete lined ditch section or pipe line to lower 
the water. 

Turnouts should be placed so that it is not necessary to check the 
water above the design flow of the ditch. This will provide a factor of 
safety should water be turned down the ditch with the check flashboards 
still in place. 

Crossings should be provided to permit access to the fields for farming 
and harvesting equipment. Information as to the hydraulic characteristics 
of culverts can be found in Part 16 of this handbook. With pipe drop 
structures, a crossing can be provided by extending the length of the bar¬ 
rel and increasing the width of the fill. 

In the selection of a specific structure, the depth of flow w d n should 
always equal the depth of flow in the ditch and the structure capacity 
should equal or exceed the design flow capacity of the ditch. Standard 
structures should be used wherever possible and when special design is 
required, the job should be designed in cooperation with someone having the 
job approval authority for this work. 

Some type of measuring device is needed so the farmer will know how 
much water he is using and can make the necessary adjustments to provide 
for efficient use of water. The simplest of all measuring devices is a 
weir, but these require a considerable drop or loss of head to function 
accurately. When such head loss cannot be tolerated, a parshall flume may 
be used. Usually large ditch companies have some sort of measuring device 
built into the headgate. Some pumping installations are equipped with 
meters on the discharge line. 

Minimum criteria for certain types of irrigation structures are given 
in the set of Figures 8.12. This criteria may be used to ascertain if a 
structure not built according to an SCS standard plan is adequate. In 
most instances, it is desirable to construct structures exceeding these 
minimums to provide longer life, better operation or easier construction. 
Whenever possible, the farmers and contractors should be encouraged to uti¬ 
lize the standard plans already available. 
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r Chute block 



a 


0 

_| rSide 

.A\— 


1 ° / 




JLirZZ 

r 


a 

\ _ 

4 


^Checkwoll is 
optional 



Notch in 
k end sill 


PLAN 


NOMENCLATURE: 

B = BOTTOM WIDTH OF STRUCTURE 
d- DESIGN DEPTH OF FLOW 
f- FREEBOARD IN STRUCTURE 
A = d +* f 

H-HEIGHT OF FALL OF WATER SURFACE 
a -END SILL HEIGHT 
p = RATIO OF STEEL AREA TO CONCRETE 
AREA 


NOTES: I.* SIDE BLOCKS MAY BE OMITTED 
WHERE INDICATED IN TABLE. 
2.' ALL DIMENS I CHS SHOWN ARE 
MINIMUM UNLESS OTHERWISE 
NOTED. 



CROSS SECTION ON £ 



MINIMUM Dl 

MENSIONS 

d 

f 

A 

a 

Z 

1?’ 

0 '-3* 

l'-3 B 

o’-e* 

1 

14' 

0 '-4' 

P-V.' 

0 *—6 " 

- H 

16* 

0'-5* 

1 ’-'9" 

O'-e* 

. k 

18' 

0'-6* 

2’ -0* 

0 *-6* 

1 k 


MINIMUM VALUES OF L 


H 

12’ 

WHEN d = 
14' 

16* 

18' 


o 

1 

£ 




o’-g 1 





p-o* 

V2>-6- 

J/3I-6 1 

4'-0" 

4'-3* 

1 »-6' 



4'-3' 

4»-3* 

2'-o* 

4'-0* 

4 , -3 l 

4'-3* 

4'-3* 

2 , -6" 

4 , -9* 

S'-O* 

5»-6" 

5'-6" 

3'-0* 

to 

j 

m 

S'-S" 

6'-3' 

6’~3* 

3’-6’ 


6'-6* 

7»-0" 

7'-0 1 

4'-0' 


7 '- 3 9 

7'-9 1 

7'-9" 


CONCRETE MINIMUMS 



12' 

WHEN d = 
14" 

16" 

18* 

CONCRETE THICKNESS: 

FORMED WALLS 

5" 

5' 

6* 

6" 

IN TRENCH 

6* 

6* 

6* 

6' 

SLAB ON GROUND 

4* 

4* 

4" 

4" 

REINFORCING REQUIRED WHEN 

H* 1 '-6' 

H2f 1 '-6' 

ALL 

ALL 

p« 

0.0015 

0.0020 

0.0020 

0.0020 


CRITERIA FOR TRAPEZOIDAL CHUTE DROP 
IRRIGATION STRUCTURES (BS3'-0") 
Figure 8.12-1 




-6“(mox.) 

2 l 0V 
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is optional 

PLAN 


NOMENCLATURE: 

d = DESIGN DEPTH OF FLOW 
f-FREEBOARD IN STRUCTURE 
A ss d ■+* f 

H = HE IGHT OF,FALL OF WATER SURFACE 
a= END'SILL HEIGHT 
P = RAT 10 OF STEEL AREA TO CONCRETE 
AREA 


NOTES: 

1. ALL DIMENSIONS SHOWN ARE MINIMUM 
UNLESS OTHERWISE NOTED. 

2. THE CONCRETE BLOCKS SHALL BE LAID 
WITH BROKEN VERTICAL JOINTS. THE 
OPENINGS IN THE SLOCKS SHALL BE 
ALIGNED VERTICALLY AND FILLED WITH 
CONCRETE GROUT. 



CROSS SECTION ON $. 



SECTION X-X SECTION Y-Y 


CONC. BLOCK MINIMUMS 2/ 



WHEN d - 
12' TO 14' 

WALL THICKNESS 

8' 


WIRE MESH IN 
HORIZONTAL JOINTS 
AND CORNER BLOCKS 
DOWELLED 


m 

lUM* 

ISirfISWM!. 


a 


Kin 

■OH 

IBB 

B&Aii 

BBS EBB 

n 

in 



m 


CONCRETE N 

IINIMUMS_ 


WHEN d 
12' 

W 

14 ' 

CONCRETE THICKNESS: 

5' 

5 ' 

FORMED WALLS 

IN TRENCH 

6' 

6' 

SLAB OR GROUND 

5 ' 

3 ' 

REINFORCING REQUIRED 

ALL 

ALL 

P- 

0.0020 

0.0020 


MINIMUM VALUES OF L 


n 

WHEN d 

12' 

14* 

0 '-6- 

2’-0' 


1 '-O' 

2»-6' 

3'-6' 

1 '-4' 

3'-0* 


l'-6' 

3'-0" 

3'-9' 

1 '-8' 

3 '~ 3 ' 


2 , -0' 

4 0' 

4»-3' 


CRITERIA FOR DRIVE-THRU DROP 
IRRIGATION STRUCTURES 

Figure 8.12-2 
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NOMENCLATURE: 

B= BOTTOM WIDTH OF STRUCTURE 
d = DESIGN DEPTH OF FLOW 
f = FREEBOARD IN STRUCTURE 
A = d + f 

H =HE I GHT OF FALL OF WATER SURFACE 
a -END SILL HEIGHT 

p= RATIO OF STEEL AREA TO CONCRETE AREA 

NOTES: I. ALL DIMENSIONS SHOWN ARE MINIMUM 
UNLES'S OTHERWISE NOTED. 

2. - THE CONCRETE BLOCKS SHALL BE LAID 

WITH BROKEN VERTICAL JOINTS. THE 
OPENINGS IN THE BLOCKS SHALL BE 
ALIGNED VERTICALLY AND FILLED WITH 
CONCRETE GROUT. 

3. TIMBER SIZES REFER TO NOMINAL 
DIMENSIONS. 

4. IN COHESIVE SOILS LOWER WING MAY 
BE ELIMINATED FOR STRUCTURES 
WHERE H 5 I'-8' 

5. INCLUDE FLOOR BLOCKS WHEN H z=2'-6' 
WITH EASILY ERODIBLE SOILS 



MINIMUM DIMENSIONS 


d 

f 

A 

a 

12" 

0'-3' 

1 '-3' 

0 '-4' 

14* 

0'-4' 

M-6' 

O'-6' 

16' 

0'-5" 

1 '-9* 

0 '-6' 

18' 

0^6' 

2 , -0* 

0 f -6' 


CROSS SECTION ON SECTION X“X 


CONCRETE MINIMUMS 



12* 

WHEN d = 

l 4 * 

16" 

18‘ 


5' 

5' 

6' 

6* 

IN TRENCH 

6' 

6' 

6- 

6* 

SLAB ON GROUND 

4* 

4‘* 

4* 

4" 

REINFORCING REQUIRED WHEN 



ALL 

ALL 

P = 

0.0020 

0.0020 

0.0020 

0.0020 


MASONRY MINIMUMS 



AT FLOOR 
ELEV. 



d = 

'6‘ 1 

H 

WALL THICKNESS: 

0.3A 

H 

H 

H 

H 

LOWER WINGWALL 

UPPER WINGWALL 

0.2(H + A) 

El 

6- 

6' 

El 

WEIR WALL 

0.5H 

El 

■a 

8' 

El 

SIDE WALL 

0.3(H + A) 

El 

wnt 

6" 

El 


TIMBER MINIMUMS 1/ 


SHEATH ING 

2' THICKNESS - TREATED 

BATTENS 

2" X 4' TREATED - SPACED 

NOT MORE THAN 3' ON CENTER 
OR 5' ON CENTER WITH T & G 
SHEATHING 


MINIMUM VALUES OF L 


H 

BB 

mi 

KM 

n 

m 


Emu 



zz 




BBB 

EBB! 




zz 

zz 



BBB 

EBB 

EB9 


I1MI 



zz 


B1BBB 

BBB 




BE! 




HE5I 


BBB 

EBB 

EB9 






IBB 

BBB 


BBB 

EEO 


CONC. BLOCK MINIMUMS 2/ 


H 

9 

REINFORCING 
REQU1 RED 

1 ’-O' 

8' 

NONE 

- 1 '-O' 
-=2'-8' 

8' 

WIRE MESH IN HOR. 
JOINTS 

=2'-8 l 

8* 

WIRE MESH IN HOR. 

. JOINTS AND CORNER 
BLOCKS DOWELL ED 


CRITERIA FOR WEIR DROP 
IRRIGATION STRUCTURES (B^3'-0") 

Figure 8.12-3 
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See note 3 


See note 3~ 



PLAN 


-i l 

4 ! 


LU 

ALTERNATE PLAN 



NOMENCLATURE: 

B = BOTTOM WIDTH OF STRUCTURE 
d = DESIGN DEPTH OF FLOW 
f = FREEBOARD 
■A=d + f 

p = RAT 10 OF STEEL AREA TO 
CONCRETE AREA 


ALL DIMENSIONS SHOWN ARE 
MINIMUM UNLESS OTHERWISE 
NOTED. 

THE CONCRETE BLOCKS SHALL 
BE LAID WITH BROKEN VERTICAL 
JOINTS. THE OPENINGS 'IN THE 
BLOCKS SHALL BE ALIGNED 
VERTICALLY AND FILLED WITH 
CONCRETE GROUT. 

IN COHESIVE SOILS LOWER WINGS 
MAY BE ELIMINATED. 

TIMBER SIZES REFER TO NOMINAL 
DIMENSIONS. 


> A _, 


CROSS SECTION ON 

O A I I 'a a Bm B a 


\_/ 

SECTION X-X 



SECTION X'-X' 


MINIMUM -DIMENSIONS 


12* 

0 '- 3 ' 

i '-a 1 

1 

14* 

0'-4' 

1 '-6* 

-Lii 

16' 

0*-5* 

l'-9' 

1 ft 

18* 

o'-6' 

2»-0' 

_Lk 


CONCRETE MINIMUM 


ONCTETE THICKNESS : 
FORMED WALL5 
IN TRENCH 
SLAB ON GROUND 
EINFORC^G REQUIRE 
P- 


12* 

WHEN d 

14' 

I0 1 

T8“ 

5 # 

5* 

6* 

6* 

6* 

6* 

6* 

6* 

4 # 

4* 

4' 

4* 

NONE 

NONE 

ALL 

ALL 



0.0020 

0.0020 


CONC. BLOCK MINIMUMS-S/ 



' WHEN d« 

12* TO 18* 

WALL THICKNESS 

8' 

REINFORCING 

REQUIRED 

NONE 


MASONRY MINIMUMS 



AT 

FLOOR 

ELEV. 

WHEN 
12' | 14• | 

d = 
16" 

. THICKNESS: 

LOWER WINGWALL 

0.3A 

6* 

6' 

6' 

UPPER WINGWALL 

0.2A 

6‘ 

6" 

6* 

SIDEWALL 

0.3 A 

6* 

6' 

6* 


SHeTThTniT 

2* THICKNESS. TREATED 

BATTENS 

2* X 4* TREATED-SPACED 
NOT MORE THAN 3 r ON 
CENTER OR 5' ON CENTER 
WITH T & G SHEATHING 


CRITERIA FOR CHANNEL TYPE CHECK 
IRRIGATION STRUCTURES (B£3'-0") 

Figure 8.12-4 
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l 




4 

JV 

4 




1 


9 



n 

( 

i_r 



4 





1 

PLAN 



x - —| 



ALTERNATE 

PLAN 


NOMENCLATURE: 

B = BOTTOM WIDTH OF STRUCTURE 
d »DES IGN DEPTH OF FLOW 
f - FREEBOARD IN STRUCTURE 
A = d + f 

p = RATIO OF STEEL AREA TO CONCRETE 
AREA 


NOTES: 

1. ALL DIMENSIONS SHOWN ARE MINIMUM 
UNLESS OTHERWISE NOTED. 

2. THE CONCRETE BLOCKS SHALL BE LAID 
WITH BROKEN VERTICAL JOINTS. THE 
OPENINGS IN THE BLOCKS SHALL BE 
ALIGNED VERTICALLY AND FILLED WITH 
CONCRETE GROUT. 

3. TIMBER S'lZES REFER TO NOMINAL 
DIMENSIONS. 



CROSS SECTION ON £ 




SECTION X-X SECTION X-X* 


MINIMUM DIMENSIONS 


d 

f 

A 

2 

1 2* 

0 * — 3" 

1 f -3" 

1 

14" 

0»-4* 

1 '-6' 

1 k 4 

16* 

0'-5 * 

1 '-9* 

1 4 

1 8' 

o'-e 1 

2'“0‘ 

■ h 


CONCRETE MINIMUMS 



12" 

WHEN d 
14“ 

I6 # 

18* 

CONCRETE THICKNESS: 

5' 

5* 

6* 

6* 

FORMED WALLS 

IN TRENCH 

6* 

6* 

6' 

8' 

SLAB ON GAOUNO 

4* 

4* 


4' 

REINFORCING REQUIRED 

NONE 

NONE 

AU 

ALL 

P = 

— 

— 

0.0020 

0.0020 


MASONRY MINIMUMS 



AT 

FLOOR 

E-LEV. 

12 1 

WHEN 

14* 

d- 

16' 

18’ 

WALL THICKNESS: 
WINGWALL 

0.2A 

6* 

6' 

6’ 

6* 

SIDEWALL 

0.3A 

6* 

6* 

6' 

6* . 


TIMBER MINIMUMS 3/ 


SHEATHING 

2’ THICKNESS - TREATED 

BATTENS 

2* X 4* TREATED - SPACED 
NOT MORE THAN 3' ON 

CENTER OR 5' ON CENTER 
WITH T A G SHEATHING 


CONC. BLOCK MINIMUMS 2/ 



WHEN d - 

12* TO 18* 

WALL THICKNESS 

8* 

REINFORCING 

REQUIRED 

NONE 


CRITERIA FOR CHANNEL TYPE TURNOUT 
IRRIGATION STRUCTURES (B5 3‘-tf’) 

Figure 8.12-5 
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3. DESIGN (CONHD) 


Land Leveling 

To provide for efficient application of irrigation water by surface 
methods, it is often necessary to modify the topography of the land to pro¬ 
vide more desirable conditions. When such modifications are made accord¬ 
ing to a plan providing for specific elevations at each point, the practice 
is called land leveling. 

The relief classes for surface irrigated land is shown in Figure 8.13. 
It should be noted that when the surface relief meets the standards for 
Class D or E, possible irrigation water efficiencies are poor or very poor 
and so leveling is required for conservation irrigation. The ideal land 
surface for surface irrigation is one that has little or no cross slope and 
a uniform down field slope that is slight enough so that erosion from rain¬ 
fall and irrigation water is not a problem and yet steep enough to provide 
adequate surface drainage. The slope limitations must necessarily vary 
from location to location because of differences in rainfall conditions. 


Occasionally fields are found which are ideal in these respects and no 
leveling is required. Usually however, it is necessary to do some level¬ 
ing. Over the years, the standards of what is a satisfactory leveling job 
have gone up and farmers are finding it worthwhile to relevel fields which 
a few years ago were considered ire ry satisfactory. Many farming areas 
that are presently leveling land to a "C" class probably will eventually 
want to go to "B" or even "A" class relief. For this reason, the planner 
should sell the farmer the best job he will buy at this time. Details of 
the procedure for designing, staking and leveling land can be found in the 
SCS National Engineering Handbook, Section 1!>, Chapter 12, entitled "Land 
Leveling". 


Water Disposal System 

A complete water disposal system should be planned for each irrigated 
farm. This disposal system should be able to safely convey (l) storm run¬ 
off, and (2) irrigation waste water to the outlet of the farm without dam¬ 
aging erosion. 

On lands that require or have a sub-surface drainage system, this dis¬ 
posal system is incorporated as a part of the drainage design. On lands 
that require surface water disposal only, the drainage system should, when 
possible, be built along with and at the same time the lands are leveled. 


In many cases, the disposal system will incorporate waterways which are 
designed principally to carry storm runoff. When irrigation waste is to 
enter these waterways, special plantings, and maintenance care often must 
be specified. 


r 


r 


r 


Class 

Irrigation slope 1/ 

Cross slope 

Possible irrigation 
water efficiencies 

Irrigation operation 
labor requirement 

Method limitatlone 

Leveling requirement 

A i 

Uniform but not more 
than 0. 05 percent 

None 


Very low 

None 


A z 



Length of level borders is restricted. 

hone 

B 1 

Uniform 

Uniform but not more 
than 0. 3 percent 

High 


Length of level borders restricted* 

Border widths are restricted. 

Leveling desirable to 
increase length or width 
of level borders. 

B 2 

Variable but not mo re 
than 0. 3 percent 


Low 

Leveling desirable to 
reduce labor requirement. 

B J 


Either uniform or 
variable and more 
than 0. 3 percent 
but not more than 

0. 5 percent 



Border widths are very restricted. 

Level borders not permissible. 

Shallow furrows not permissible on coarse or 
very coarse-textured soil*. 

Corrugations must have down-slope of at 
least four times cross slope. 

C 1 

Fairly uniform - 
(When slopes are over 
0. 5 percent, convex 
slopes have maximum 
grades not over twice 
minimum; concave 
slopes have maximum 
grade not over 11/2 
time8 minimum. 
Undulating slopes 
not permissible.) 

Utr f orm or variable 
but not more than 

0. 3 percent 


Moderately low 

Level borders not permissible. 

Border widths are restricted. 


C 2 

Uniform or 
variable but not 
more than 0. 5 
percent 

Good 


Border widths are vety restricted. 

Level borders not permissible. 

Shallow furrows not permissible on coarse 
or very coarse-textured soils. 

Corrugations must have down-slope of at 
least four times cross slope. 

Leveling desirable to 
reduce labor requirement 
and improve irrigation 
efficiencies. 

C 3 

Either uniform or 
fairly uniform as 
defined above 

Either uniform 
or variable and 
more than 0. 5 
percent 


Moderate to high 

Applicable only for contour ditches or to 
cross slope or contour furrow irrigation 
within special limitations of furrow depth 
and soil texture. 


D 1 


Variable but not 
more than 0. 3 
percent 


Moderate 

Border widths are restricted. 

Level borders or corrugations not 
permissible. 


D 2 

Variable but without 
level reaches or 
reverse grades 

Variable but not 
more than 0. 5 
percent 

Poor 

High 

Border widths are very restricted. 

Level borders or corrugations not per¬ 
missible. 

Shallow furrows not permissible on coarse 
or very coarse-textured soils. 

Leveling required for 
conservation irrigation. 

E 


Variable and more 
than 0. 5 percent 

Very poor 

Very high 

Applicable only for contour ditches or 
furrows within special limitations of 
furrow depth and soil texture. 



1/ Maximum and minimum downfield grades are limited by (1) requirement* for drainage, (2) protection from erosion by storm runoff, and (3) the criteria for the irrigation 
“ method to be used. 


Figure 8,13 Relief Classes for Surface Irrigated Land 
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U. OPERATION 


Proper operation of an irrigation system is equal in importance to the 
proper design and construction. A perfectly installed system can be 
fairly efficient if under good management. It is the responsibility of 
the Soil Conservation Service to give help to the farmer in the proper use 
of his system. 

Water Management 

From an application standpoint, irrigation water is considered as being 
used efficiently when it is spread evenly over a field in the right amount 
to fill the soil reservoir. However, it is equally important that the 
principles of maintaining an adequate moisture supply be continued through 
the entire season, A crop that has suffered a reduced yield because of a 
lack of water during a part of the growing season has wasted water just as 
surely as if the irrigations that had been made were individually wasteful. 

It has long been recognised that much irrigation water is lost in the 
conveyance system. In many areas the cost of lining ditches to save irri¬ 
gation water is economically justified just on the basis of the value of 
the water alone. In some cases, the damages caused by seepage in canals 
and ditches makes lining imperative. 

Less attention has been given to the deep percolation losses which can 
occur on the irrigated field itself. Nearly all farmers are conscious of 
the water that runs off at the end of their fields, but few realize the 
volume of water which percolates below the reach of the roots and which is 
just as surely lost to the crop. 

Probably the best way for a farmer to evaluate how well he is using his 
water is for him to keep track of the amount he gets and determine where it 
goes. 


(1) If he has a measuring device, he can easily convert flow 

measurement to volume. One cubic foot per second of 
flow (U50 g.p.m.) will deliver one acre inch of water 
in one hour. 

(2) If he utilizes the method shown in Figure 8,3, he can 

easily estimate how much water his soil will hold in 
inches. Multiplying the inches required by the acres 
to be irrigated gives the volume needed. 

(3) By comparing the volume of water delivered to the volume 

needed, the farmer can get some idee as to the effie 
ciency of his irrigation. This presupposes that his 
irrigation water was spread evenly over the field and 
that the soil reservoir was filled. This can be 
easily checked by examining the field a day or so 
after irrigating. If dry layers or spots are still 
present, the irrigation was not completed or the water 
was not spread evenly. 
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h. OPERATION (COWT’D) 

Water Management (cont’d) 

For example; A farmer has 3 c.f.s., delivered to his field. He has 
found by examination of his soil that it takes U inches of water to fill 
the root zone. He has been able to irrigate 8 acres per day and an exami¬ 
nation of the soil after irrigation shovs that the soil reservoir is 
filled. He can then compute his irrigation efficiency thus: 

Water delivered to the farm * 3 c.f. s. x 21* hrs, ■ 72 ac, in. 

Water delivered to the root zone - 8 acres x l* in. • 32 ac, in. 

Irrigation efficiency ■ 2| x 100 • 1*1$. 

He can also check to see how uniformly the water is being spread over 
the surface. Perhaps the easiest way is to compare the time the water is 
on the surface of the ground at the upper end, middle, and lower end of the 
field. If this period, the "opportunity time”, is about the same, it can 
be assumed that each part of the field is receiving about the same amount 
of water. If the upper part of the field is receiving too much water, the 
length of run needs to be decreased or the stream size increased to get the 
water across the field faster. The latter may not be possible if a larger 
stream will cause erosion. 

With a border, the water should be nearly across the field by the time 
enough water has been introduced to fill the root zone. With a furrow or 
corrugation the water should be across the field in one-fifth the total 
time the water is turned into the furrow or corrugation. After the water 
gets across, a smaller or "cut-back" stream should be used to complete the 
irrigation without excessive runoff at the lower end. 

One of the most useful tools in improving water management is a knowl¬ 
edge of the approximate time it takes for a given irrigation to be made. 
While it is true that with surface methods the time will change from irri¬ 
gation to irrigation, if the farmer knows the normal time, he will be able 
to compensate for the higher or lower intake rates he may experience. With 
a sprinkler system, the water is applied at a predetermined rate and it is 
only necessary to estimate the efficiency of application to compute the 
time required thus: 


Time (hrs.) 


100 x Met Irrigation Requirement (inches) 
Efficiency in % x Application Rate (in./hr,) 


Portable Equipment 

The farmer has a wide choice of portable irrigation equipment from 
which to choose. This portable equipment has been developed to provide a 
more accurate way of distributing water and to reduce the labor require¬ 
ment in irrigating. 
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It, OPERATION (COOT «D) 

Portable Equipment (con^d) 

Check Dams, Several types of canvas, plastic and metal check dams are 
available for both lined and unlined ditches. These checks are designed 
to block the flow of a ditch immediately below the point where the water is 
to be diverted. They have the advantage that they can be placed at any 
location and are not in the way when a ditch needs to be cleaned or re¬ 
built. They are usually adjustable so that the water can be held at some 
constant level. 

Siphon Tubes. Siphon tubes are widely used to withdraw water from an 
irrigation ditch. They range in size from 3/8 inch diameter to large 
fabricated siphons which will carry as much as 2 cubic feet per second. 

The small tubes are usually used for furrows although a number of them may 
be used together with the border or contour ditch method. 

With furrows, the tube sizes are usually selected so that two or three 
tubes will deliver the maximum stream recommended for the slope under con¬ 
sideration. After the water has crossed the field, one tube is removed to 
provide the "cut-back" stream. The approximate discharge of small siphon 
tubes is given in Figure 8,1U. The head shown is the difference in height 
in the supply ditch and the discharge end of the tube or the water level 
when the discharge end is submerged. 


Diameter 
of Siphon 
(inches) 

Head in Inches 

2 

3 

k 

5 

6 

9 


Q • p# m# 

g p m 

g p m 

g p m 

g p m 

g p m 

1/2 

1.3 

1.6 

1.8 

2 

2.1 

2.7 

3/h 

3 

k 

5 

5.5 

6 

7 

1 

k 

5 

7 

8 

9 

11 

1-1/3 

6 

7 

8 

10 

11 

13 

i-i A 

8 

10 

12 

13 

15 

18 

1-3/8 

10 

13 

15 

17 

19 

23 

1-1/2 

13 

16 

18 

21 

2k 

28 

1-5/8 

15 

18 

22 

25 

28 

33 

1-3 A 

17 

21 

25 

28 

32 

38 

1-7/8 

19 

2U 

29 

33 

36 

W 

2 

21 

27 

32 

36 

Uo 



Figure 8.lU Discharge of Siphon Tubes 


Gated Pipe, Gated pipe is made of light weight metal with small 
gates spaced to match the furrows. The pipe comes in sections easy for 
one man to handle and is fitted with simple watertight connections. A 
slightly different product made of vinyl-coated glass, cloth, butyl, 
plastic or canvas hose and equipped with small outlets can be used for the 
same purpose. Gated pipe reduces water losses during conveyance and 
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U. OPERATION (OONT«D) 


Portable Equipment (contM) 


Gated Pipe (cont»d) 

provides a positive control of the water to each individual furrow. 

The head loss in a reach of gated pipe with the gates closed is com¬ 
puted the same as for any similar pipe. For the reach in which the gates 
are open, the friction is first computed as if the entire flow was carried 
the full length and then multiplied by a factor which depends upon the 
number of outlets. This factor is given in Figure 8,15. 

Some head is required at the last gate to produce flow through the 
gate. The head necessary depends upon the type of gate used and the 
desired flow an d is usually less than one foot. There may also be an 
entrance loss of 1,5 velocity head (H e + H v ) as described in Part 16, 
Hydraulics. 


Number of 

Multiple Outlet 

Outlets 

Factor 

5 

o.Uli 

10 

0.39 

15 

0.37 1 

20 

0.36 ! 

30 

o733 

5o 

0.3U 

100 

“0735 | 

CO 

1 “ 5733“ 


Figure 8.15 Multiple outlet factor for gated pipe 


W 


An example of a calculation on gated pipe follows. Let us assume that 
it is desired to carry 1000 gallons per minute through a gated pipe 1300 
feet long and deliver 50 gallons per minute at each gate. The ditch from 
which the pipe gets the water is 13.5 feet above the far end of the pipe. 
The gates are spaced 3 to a 10 foot length of pipe. 


What size pipe is required if 8" pipe has a friction loss of 2.1*7 feet 
per hundred and 10 M pipe has a loss of 0.83 feet per hundred. 


Given: 

Number of Gates (1000 - 50) 
Multiple Gate Factor (Fig. 8,20) 
Length of pipe with gates open 
Length of pipe with gates closed 
Head available 


20 

0.36 

0.67 hundred feet 
12.33 hundred feet 
13.5 feet 
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h. OPERATION (CONT'D) 
Portable Equipment (cont f d) 

Gated Pipe (cont f d) 

Calculations for an 6 n pipe 
Head required: 

Entrance & Velocity Head Loss 


(l.$V2/2g) 1,0 feet 

Closed line 12.33 x 2,1*7 30.5 

Open line 0,67 x 2,1*7 x 0,36 0,6 

Pressure at last outlet 1,0 

33.1 feet 


Calculations for a 10" pipe 
Head required: 

Entrance & Velocity Head Loss 


(1.5 V /2g) 0,1* feet 

Closed line 12.33 x 0,83 10,2 

Open line 0,67 x 0.83 x 0.36 0.2 

Pressure at last outlet 1,0 

11,8 feet 


A ten-inch gated pipe is required. 


CPO 844293 
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PART 9 

EARTH DAWS AMD DUOOUTS 
1. GENERAL 


Definition 

The tern earth dam will be used herein to denote an embankment con¬ 
structed across a water course for any of the following reasonss 

a. As a diversion dam to divert a part of all of the water froa a 
waterway or stream into a different water course, an irrigation canal, 
or a water spreading system. 

b. As a storage dam to store surface runoff for irrigation, livestock 
water, or for fish and wildlife, or to store sediment. 

c. As a grade stabilisation dam to drop water from one level to 
another for stabilization of the water course. 

d. As a retarding dam to retard floodwater and protect land from 
inundation or reduce the outflow and permit the use of a more economical 
system of structures downstream. 

A dugout, as the name implies, is simply a hole excavated below the 
ground surface to provide storage for water. Dugouts are usually located 
in wide flat drainage channels, at the low point in a pothole, or on 
fairly flat topography where water can be collected and impounded below 
the ground surface. Source of supply may be from ground water. 

Applicable State Laws 

A highly complex body of laws has been built up governing water rights, 
diversion, storage of water, and construction of daas. Landowners and 
cooperators should be fully advised of the requirements of state lav 
relating to approval of plans and establishment of the right to store or 
divert water or construct dams. 

Class of Structures 


The following broad classes of structures are established to permit 
the association of criteria with the damage that might result froa a 
sudden major breach of the earth dam embankment. 

Class (a) — Structures located in rural or agricultural areas where 
failure may damage farm buildings, agricultural land, or township and 
country roads. 
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1. GEMERAL (OOMT»D) 

Class of Structures (contM) 

Class (b) — Structures located in predominantly rural or agricultural 
areas where failure aay daaage isolated homes, aain highways or minor 
railroads or cause interruption of use or service of relatively 
important public utilities. 

Class (c) — Structures located where failure aay cause loss of life, 
serious damage to homes, industrial and commercial buildings, important 
public utilities, aain highways, or railroads. 

The probability of future development of the flood plain area below a 
structure must be considered in establishing its class. 

Structures in series aay have a higher daaage potential than individual 
structures and asy justify higher factors of safety. Special consider¬ 
ation must be given to sueh structures. 

Structure classes as outlined above are correlated with ainimum design 
criteria. The responsible technician will use the class descriptions as 
a guide, evaluate each proposed dam site, and make a classification of 
each proposed structure. The classification will be based on a careful 
evaluation of potential failure daaage and recognition of his responsi¬ 
bility to see that the structure will accomplish the purpose for which 
it is planned and that its design and construction will be a credit to 
and enhance the reputation of the Service and himself. 

The class of structures primarily considered in this handbook apply to 
Class Aa) structures for which ine product o£ the storage times the 
height of the dam Is less than 3,060 Where the storage is defined as 
the original volute in acre feet in the reservoir at ihe elevailon"of 
the crest of the emergency spillway and the height of' the dam is the~ 
difference In elevation in feet between the emergency spillway crest 
yd the lowest point in the cross section on the centerline of the 
dam. Design criteria for larger Class (a) structures and all Class (b) 
and U) structures are contained In Washington Engineering Memo /j Rev. 

Class of Embankment (Density) 

One of the three classes of embankment may be specified for earth 
dam construction, depending on site conditions and materials used. 

Class I - Class I embankment shall have a maximum dry weight of not 
less than §5% of that obtained by standard laboratory tests for modified 
heavy cooqiaction. This requires strict moisture control and compaction 
equivalent to no less than six passes with a bOO lb/sq. in. sheepsfoot 
roller over a 6-8 inch lift. A moisture density curve shall be developed 
for this class of embankment. 






































1. GENERAL (ODNT'D) 
Class of Embankment (cont*d) 
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Class II - Class II embankment shall have a dry weight of not less 
than 9$% of the maximum obtained by standard Proctor tests. This requires 
rigid to close moisture control (a range of permissible deviation of 5% 
moisture requirements) and compaction the equivalent of approximately 
six passes with a 200 lb/sq in. sheepsfoot roller on a 6-8 inch lift. A 
moisture density curve shall be developed for this class of embankment. 

Class III - Class III embankment shall have a dry weight of approxi- 
nately B5U or more of the maximum obtained by standard Proctor test. The 
moisture content should be such that, when kneaded in the hand, the soil 
should just form a ball Which does not separate readily (light weight 
soils may require closer moisture control). The fill material shall be 
placed in 6-8 inch lifts in the fill or embankment in a manner to provide 
the maximum travel over each layer. This can be accomplished by starting 
to spread the loads making up a row or lift at a location so the loaded 
equipment must travel over the layer to place succeeding loads. 

2. SURVEYS AND INVESTIGATIONS 


Site Selection 

In Choosing the site for any structure the utmost care must be taken 
to be certain it meets the purpose. 

Criteria which must be found in the site of all installations are as 
follows: 

(1) The topography must provide adequate abutments to anchor the 
ends of the dam. 

(2) Emergency spillways shall be planned for all installations. 

(3) The material and condition of the foundation must be adequate 
to support the embankment, the principal spillway and emergency 
spillways in a satisfactory manner. 

(U) The foundation should have good drainage or it should be 

possible to provide it to insure stability of the installation. 

(J>) If permanent or temporary storage of water is a feature of 
design, storage space must be available. 

(6) For sediment storage or flood water retarding dams and for 
ponds, a capacity for silt storage must be available. 



2. SURVEYS AMD D1VESTIGATI0BS (OOMT'D) 
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Site Selection (contM) 

(7) The watershed or drainage area must be analysed for both runoff 
and sediment production. Runoff must be adequate if a water 
supply for stockwater, wildlife, or irrigation is desired. The 
sedimentation rate must be within acceptable limits for any 
installation. 

(6) If permanent storage of water is desired, the seepage rate into 
the impoundment area through the foundation and abutments, as 
well as through the embankment, must be low. Excessive seepage 
losses must be correctable. 

(9) Borrow material of good quality and in sufficient quantities 
must be available for the embankment. It must also be within 
economic hauling distance from the structure. 

(10) Vater for moisture in the embankment must exist in the natural 
borrow materials or be provided from outside sources. 

(11) The site must be free of debris, obstruction, or trees, or 
they must be removable for a reasonable cost. 

(12) The site must be sufficiently dry and accessible for construction 
equipment to operate or it must be possible to provide these 
conditions for a reasonable cost. 

(13) The site must be considered for its inter-relation with existing 
or future structures. 

(lit) The possibility of a proposed dam impounding water on adjacent 
property must be investigated. If the dam causes inundation 
of lands under another ownership, or in any other manner 
affects another ownership or public property, an easement to 
allow this encroachment is necessary before the construction 
begins. If an easement cannot be obtained, the site should 
be abandoned. 

Diversion Dam . A diversion dam to divert water from a stream or 
water course must be located in a position from which the water may be 
conveyed. As a rule this will mean constructing where the banks of the 
channel and the adjacent land are not more than a few feet above the 
bed of the stream. If the dam is to be placed on a large stream where 
flood flows may be damaging, the embankment portion of the structure 
may be protected against erosion by topographic features such as a 
broad spillway area, a bend in the stream, or a large promontory. When 
a diversion dam is used across a waterway to pick up the runoff and 
convey it into a diversion, the location of the dam may be most dependent 
upon the location of the diversion and its outlet. 
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2. SURVEYS AMD IHVESTIGATIOBS (OOKT«D) 

Sitt Selection (cont *<!) 

Storage Dam . A storage dam site must provide capacity and conditions 
for storage of voter and/or sediments as the case may be. 

(1) The area for deposition above a sediment storage dam must be of 
less value than the area where the uncontrolled sediments have 
been accumulating, or the deposition must improve the site for 
later use (heavier sediments over sand or gravel or lifter 
sediments of heavy bottom lands) or the plan is not economically 
sound. 

(2) A stockwater dan mist be accessible without undue travel 
distances. 

(3) The land use above a dam for storage should be of a nature 
that silting of the reservoir will not be a serious problem. 

Dams should not be located below an appreciable area of 
cultivated land unless land treatment is complete. 

(U) A water course with a low gradient that is narrow and deep at the 
dam site, widening upstream to form a sizable basin provides a 
maximum storage with a minimum fill. 

(5) The drainage area for a water storage dam should be large enough 
to assure a dependable water supply. Drainage areas appreciably 
larger than necessary should be avoided since the larger flows 
increase the cost and hazards of structures. Procedures for 
estimating surface yields may be found in Part 3. A rough 
estimate of the storage capacity of the reservoir is obtained 
from the formulas Surface area (in acres) times 1/3 depth 
(in feet) equals the capacity in acre feet. Where accurate 
measurements are necessary a contour map of the reservoir should 
be made. 

Grade Stabilization Dam . A grade stabilization dam is used to control 
a gully head or overfall and provide for the drop of the water from a 
higher to lower grade, for stabilization or restoration to a higher 
elevation of a channel floor and also to drop water from a waterway, 
terrace, or diversion to an adjacent water course at some lower elevation 
to avoid erosion and formation of a gully. Where a grade stabilization 
dam is constructed to stabilize an overfall, it must be carefully 
located to accomplish the job. One way to insure this is to construct 
the drop on the site of the overfall. The inlet Should be set at the 
desired elevation for the inflowing channel, making sure that the slope 
of the new channel will be the most desirable. The slope upstream should 
be flat enough to insure stability (see SCS-TP-61) yet not flatter than 
is necessary. To build an excessively flat grade requires more material 
and labor and also tends to establish a bigger waste area in the pool. 
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2, SURVEYS AMD INVESTIGATIONS (CONT'D) 

Site Selection (cont*d) 

Grade Stabilization Dam (cont'd) 

Because of past deposition in the waterway above the site, it is 
frequently possible to re-shape the channel by removal of the deposited 
sediments, and thereby reduce the amount of grade control needed. The 
drop established at the outlet of a terrace, diversion, or waterway, etc., 
will follow the same principles. 

Where a grade stabilization dam is constructed downstream any 
appreciable distance below the overfall, either one of two additional 
features must be present to control the overfall. 

(1) If the void of the gully (depth, width, and length) between 
the overfall and the drop inlet is not great and the slope, 
cross section, and fertility of the completed channel are 
within necessary limits, the gully banks may be bulldozed in 
and a stable waterway developed between the overfall and the 
structure. 

(2) If the void is not greater than the anticipated production 
of runoff and sediment from the watershed, the water and 
silt will maintain a support of the overfall until natural 
accumulation has created a stable channel between the 
overfall and the structure. Installations which are made 
too far below the overfall both vertically and horizontally 
will not arrest the advance of the gully head. 

When a grade stabilization dam is used to stabilize or restore 
elevation of a channel floor, its location may be less critical than 
above. Usually the longest reach will be benefited for the landowner 
if the structure is placed just before the channel leaves the property. 

If combined with structures upstream, especially from field level into 
the gully, many of the same principles will apply as for an overfall 
solution. The new upstream grade to be established will be important. 

The hydraulics of the reach should be analyzed by waterway standards 
(SCS-TP-61). This analysis will indicate the need, if any, for channel 
shaping. In some cases, natural deposition and vegetation may be 
depended upon for eventual stabilization without channel shaping. Where 
high vertical gully banks exist and sloughing is anticipated, this 
accumulation should also be planned for. Except for sloughing, the grade 
built up in a channel by sedimentation will not be as steep (for a long 
time) as a degrading slope, nor as steep as the slope it is possible to 
construct and stabilize in a vegetated waterway. In some cases, in 
deeply gullied areas, it is more acceptable to stairstep structures than 
to incorporate all of the grade control in one installation. In other 
words, two installations with 20 feet of drop in each may be more 
desirable than one installation with liO feet of drop. 
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2. SURVEYS AMD INVESTIGATIONS (OOMT'D) 
Site Selection (contM) 


Floodwater Retarding Structure . The floodwater retarding structure 
frequently has ihe dual purpose of grade control and detention of runoff. 
The location needs for grade control will be as discussed under drop 
inlets. Site selection for a detention dan nust consider the following 
features: 

(1) Does the site provide sufficient storage for sediments and 
runoff to meet the needs of the plan? 

(2) Do the topographic features provide the most economic 
structure obtainable? 

(3) Does the topography provide opportunity for a good 
emergency spillway? 

(li) What is the value of the inundated area in relation to 
benefits and in relation to alternate sites? 

(5) Does the site interfere with any existing structure or 
feature which is fixed? 

(6) Is the quality of land treatment in the watershed hic^t 
enough to produce a low rate of sedimentation? 

(7) Are foundations and abutments adequate to support the 
structure? 

(8) Is borrow material available in the quality and quantity 
needed? 

(9) Are the benefits to be accrued sufficient to warrant the 
expenditure? 

Dugout or Pit . In locating the site for a dugout or pit, the 
following points should be considered: 

(1) The watershed must be capable of furnishing runoff sufficient to 
maintain a water supply in the dugout; diversion ditches can 
sometimes be used to supplement the drainage area. The area 
should be well vegetated, or treated to reduce sedimentation. 

(2) At locations where the water table rises within a few feet of 
the ground surfaces, dugouts can be constructed to intercept 
this water, adjusting the depth to the fluctuation expected. 
Locations of this type require little, if any, contributing 
drainage area to assure a stable water supply. It may be 
necessary over a period of years to remove the silt or impervious 
layer from the bottom and sides to allow the water to seep 

and collect in the dugout. 
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2. SURVEYS AMD INVESTIGATIONS (POUT'D) 

Site Selection (confd) 

Dugout or Pit (contM) 

(3) The subsurface material at the site must be thoroughly 
Investigated to determine the permeability. Since the 
capacity of a dugout Is small, seepage and evaporation 
losses will have a major effect on the permanency of 
the water supply. Generally, the seepage rate will be 
reduced with age by the sealing with silt. Dugouts 
Should not be constructed when porous soils are present 
in the site unless they are intercepting ground water 
or are to be sealed. 

Surveys 

The procedure for surveys for embankments, profiles, cross sections, 
topography, slope stakes and structural stakes will be found in Part 1 
of this Handbook. 

Adequate surveys should be made to show location, topography of 
reservoir when applicable for storage, cross section of gully, and 
profile of gully and spillway for simple structures. For larger 
structures, particularly those which are to be planned or reviewed by 
others, topography should be shown for the dam site and spillway area. 
Care must be taken to assure proper and complete presentation of all 
survey data. 

Hydrological Investigations 

The procedure for analysis of the watershed and its hydrological 
characteristics will be found in Part 3 of this Handbook. 

For dugouts or pits which intercept the water table, the depth to 
water and its seasonal fluctuations should be determined. 

Soil Mechanics Investigations 

There is no set rule on the amount of soil investigations required by 
different size structures. Obviously, foundation or embankment condition 
can be more critical for a large structure than for a small one. If the 
site is in an area of soils high in soluble salts or gypsum, conditions 
may be critical regardless of the size of the structure. Investigation 
of borrow areas for a large structure will be more extensive than for a 
small structure because of the need for greater yardage. Despite the 
fact that a large structure will usually require a greater amount of 
investigation, the importance of thorough investigation and sailing of 
sites regardless of size cannot be over-eqphasized. 
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2. SURVEYS MD INVESnQATIOMS (OONT»D) 




Soil Mechanics Investigations (cont *<1) 

Foundation and Abutment Investigations , Foundation and abutment 
investigations are made to (Tetemine their adequacy. 

(1) To insure stable support for the structure under all conditions 

of loading: 

a. All strata must have sufficient bearing power to 
prevent crushing, excessive consolidation, dis¬ 
placement, or plastic flow. 

b. Sufficient frictional resistance must exist between 
all strata or between the foundation and the dam to 
prevent sliding. 

c. The foundation and/or abutments must be relatively 
insoluble and resistant to erosion to prevent the 
eroding or washing away of the material from 
upstream, downstream, or under the dam. 

(2) To insure that the movement of water through the foundation 

and/or abutment will not cause: 

a. Piping and scour under the dam. 

b. Excessive loss of water stored behind the dam. 

c. The formation of excessive uplift pressure. 

(3) To indicate the possibility of site relocation uhen: 

a. Examination reveals that foundation conditions are 
entirely unsuitable for the type of structure 
desired. 

b. Foundation conditions are such that a safe design will 
exceed permissible economic limits. 

Spillway and Borrow Area Investigations . Investigations are made to 
determine suitability of the materials foruse in the embankment, 
presence of materials that will cause difficulty in excavation and 
the erodability of the material when subjected to spillway flow. 

(1) Permeability - Permeability of compacted material Should be low. 

a. To prevent piping. 

b. To prevent excessive loss of stored water. 
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2. SURVEYS AMD INVESTIGATIONS (POUT'D) 

Soil Mechanics Investigations (confd) 

Spillway and Borrow Area Investigations (contM) 

(2) Compacted weight - Relatively high compacted weight Is needed 
to provide resistance against sliding. 

(3) Shear Resistance - The Shear strength should be hi$h to provide 
stability against sloughing or sliding. 

(U) Volume Change - Freedom from large voluae changes is required} 

a. To prevent shrinkage and cracking. 

b. To prevent swelling and "fluffing". 

(J>) Workability or ease in handling during construction} 

a. Ability to take water and to retain it. 

b. Freedom from stickiness at optimum moisture. 

c. Freedom from large boulders. 

d. Ability to support equipment when at optimum moisture. 

Extent of Investigations . Extent of investigations of foundation 
and abutment and borrow pit areas} 

(1) Sufficient test holes must be put down to establish the extent 
and continuity of various strata. In those sites where the 
surface does not indicate changes in subsurface material or 
condition, test holes should be put down at changes in slope 
and at some regular interval to the depth of the expected 
fill or cut. 

(2) Samples should be taken at all changes in soil horizons or strata. 
Undisturbed samples should be secured when there is doubt as 

to the stability or permeability of a material. 

(3) It is enphasized that all sites in silty, salty, or dispersed 
soils should be thoroughly investigated. 

(U) At all sites, a thorough investigation of the abutments is 
necessary to indicate the presence or absence of hazardous 
geologic conditions or unstable soil conditions, both above 
and in the abutment. 

(5) The excavation and sampling of test pits in place of auger holes 
is strongly recommended in areas of highly stratified heterogeneous 
(variable) soils on sites for major structures. 





2, SURVEYS AMD INVESTIGATIONS (OONT'D) 
Factors and Characteristics to be Investigated 


The conditions discussed herein will not be found in all areas. It 
is believed, however, that a discussion of then will aid in their 
recognition. 

Gypsum and/or Soluble Salt. When the soil in either the foundation 
or abutments contains more than .50$ of either total soluble salt or 
gypsum, the structure should be designed to compensate for the salt 
content. Crystalline gypsum in soil seems to build up an abnormal 
porosity and consequently, very low volume weights. Serious settlement 
frequently results when saturated "gypy" soils are loaded. These "gypy" 
soils are often prone to piping. Because gypsum is slowly soluble and 
unstable, prolonged contact with water often results in the formation of 
solvit ion channels and/or caverns or crevices. 

Dispersion . Dispersed soil is a soil in which the clay readily forms 
a colloidafsolution. Dispersed soils usually have low permeability. 

They tend to shrink, crack, and become hard on drying and to slake and 
become plastic on wetting. Percent dispersion represents that portion 
of the clay (.005 mm) which is easily slaked try water. Dispersed soil 
conditions in foundations or abutments often results in excessive settle¬ 
ment and failure. 

Low Volume Weight . Low volume weight and high porosity often occur 
in alluvial so ills due to processes of sedimentation. As mentioned 
previously, gypsum can often build up high porosity and low volume 
weight. With low volume weight soils, abnormal settlement due to 
consolidation may result from pressure and saturation. 

Porous Strata . This term denotes those rapidly permeable strata or 
zones composed of uncemented cobble, gravel, sand, disintegrated or 
fractured rock materials, etc. Excessive percolation through these strata 
may result in piping and failure. Serious and heavy water losses can 
occur from excessive and rapid percolation through the porous zones. 

Rapid water movement in porous strata can produce high hydrostatic uplift, 
which may cause sliding and flotation. 

Consolidated (Rock) Materials . Pits or trenches must be excavated 
or borings made to permit investigation of the underlying foundations. 

When the geologic materials or conditions are in the least questionable, 
examination of the site by a competent geologist Should be male to 
provide information with regard tot 

(1) Kind and soundness of unconsolidated material or rock. 

Limestones may go into solution and some shales may 
weather rapidly, thereby eroding away the foundation 
or forming crevices. 
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2. SURVEYS AMD ISVESTIGATIOMS (001TPD) 

Factors and Characteristics to be Investigated (contM) 

Consolidated (Rock) Materials (contM) 

(2) Dip or strike and stratification of the aaterial. Shale beds 
which dip downstream can result in failure of a dam through 
sliding. 

(3) Presence or absence of soupy or plastic strata. 

(U) Presence or absence of faults of fissures. 

Organic Matter . Soils high in organic matter, such as peats or mucks, 
are often encountered in foundations and/or abutments. These high organic 
soils are unstable, have very low bearing capacity, and show a high degree 
of compressibility and expansion. 

Investigation of Foundations for Dugouts or Pits . The investigation 
of soil conditions for a dugout should cover several items. If the 
water supply is to be from the surface it will be necessary that the 
seepage rate from the pit be slow. The capacity of a dugout is usually 
small so seepage loss will have an 1 sportant effect on the permanency 
of the supply. The rate of seepage may reduce with age due to silting. 

If the water supply is from ground water, a porous aaterial is beneficial. 
It might even be necessary as a maintenance feature to remove silt or an 
accumulated layer from the bottom and sides after a few years to allow 
seepage. Investigation should show construction conditions, wetness to 
hinder equipment or sufficient water for an underground supply. 

The standard legend to be used for submitting logs of borings is 
shown in Part 2 of this Handbook. 

3. DESIGH OF EARTH DAMS AMD DUGOUTS 


Foundations 

All steep earth slopes upon which embankment is to be placed Should 
be sloped to a 1 to 1 slope or flatter in order that the fill material 
may make a proper bond with the foundation and all surface cracks are 
removed. 

Compensatory Measures . There are compensatory measures to overcome 
weak' characteristics of foundations. 

(1) Gypsum and/or soluble salt factors may be compensated for by 
incorporation of impervious blankets or core walls to prevent 
excessive percolation into the "gypy* soils. 

(2) The dispersion factor may be compensated for by the same 
measures as above. 



3. DESIGN OF EARTH DAMS AND DUGOUTS (OONT'D) 

Foundat ions (contM) 

Compensatory Measures (cont*d) 

(3) Low volume weight soils may be counteracted by removal of the 
material^ cutoff vails, or blankets to prevent excessive 
percolation into the soils or broadening the base of the 
structure to reduce effective weight per unit area of foundation. 

(U) Porous strata may be covered by an impervious or less pervious 
soil blanket. Where it is not possible to completely cut off 
deep strata and where excessive uplift pressures may develop, 
drainage or relief wells may be installed to reduce the hydrostatic 
pressure. For flood water retarding, grade stabilisation, or 
sediment storage dams where there is little danger of the 
development of uplift or piping and where seepage loss will be 
of small concern, a positive cutoff may not be needed. 

A Core Wall Cutoff . A cutoff wall may be used to reduce the 
amount of seepage beneath the dam through the foundation, or it also 
any be used to reduce the pore pressure downstream from the core trench 
to provide safety against piping or flotations in permeable foundation 
strata. 

It is important to reduce seepage losses to a practical minimum 
where water is being stored for use such as irrigation. Seepage other 
than that affecting the stability of the structure is unimportant for 
most flood water retarding and erosion control dams. 

Foundation materials that approach homo gen ity and are relatively 
impervious may not require core wall cutoffs where storage of water 
is not important. A shallow core wall may be used to insure safety 
from foundation imperfection in the upper 3 - U feet. 

A core wall cutoff may be used effectively and economically for 
foundations with a permeable layer or layers to depths of 15 or 20 feet 
if such permeable material can be economically dewatered to permit con¬ 
struction of the cutoff. For foundations of deeper permeable material, 
consideration should be given to the use of other methods to accomplish 
the objective of a cutoff wall. 

Foundation Drains . Drainage requirements are dependent upon site 
factors and the functional requirements of the dam. Drainage is provided 
to increase the stability of the dam by lowering the phreatic (saturation) 
line, reducing uplift and increasing the shearing strength of the earth 
embankment. Drainage also provides for removal of water moving around 
the end of the dam through the abutments which could otherwise break 
out at the Junction of the downstream slope of the dam and the abutment. 
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Foundations (cont'd) 

Foundation Drains (cont f d) 

Requirements for drainage cannot be stated except for specific site 
conditions. Particular sites may require zoning of fill material, 
blanket drains, and relief veils, etc. Where the foundation Is porous 
or springs and seeps are present, a system of drains may be needed In 
the downstream one-third of the dam. 

Embankment 

There are several factors to consider in the design of an embankment. 

Freeboard . Freeboard is the vertical distance from the top of the 
settled embankment to the water surface in the reservoir when the spill¬ 
ways are operating at design capacity. Consideration will be given to 
increase the following minimum freeboard when frost conditions or 
wave action warrant an increase. 

(1) Class (a) structures where the product of storage time 
height is less than 3000 - minimum freeboard 1.0 foot. 

(2) Class (a) structures where the product of storage times 
height is greater than 3000 and all Class (b) and (c) 
structures - as defined in Washington Engineering 
Memorandum No. 3» Revised. 

Design Height . The design height of a dam is measured on its center 
line, generally from the top of the dam to the bottom of the valley floor 
beneath the dam. Definition of valley floor is found in design criteria 
or specifications. 

Embankment Protection from Runoff . High embankments are susceptible 
to erosion from runoff of rainfall In the faces of the dam. Each face 
of the dam shall be protected from erosion. When vegetative methods 
are not considered to be adequate, berms having a minimum width of 8 feet 
shall be constructed on either or both the downstream face of the 
embankment at not over UO-foot vertical intervals. These berms shall 
have a cross section and a bottom slope which will oonvey runoff water 
from the face of the dam to paved or sodded gutters located at the 
Junction of the embankment and its abutments. 

Rock riprap or a gravel blanket may be used to prevent erosion by 
runoff on the face of the embankment in lieu of berms. Specifications 
for the riprap or gravel blanket will be dependent upon the specific 
site condition. 


9-15 




3. DESIGN OF EARTH DAMS AND DUGOUTS (OONT»D) 

Embankment (cont t d) 

Embankment Protection from Wave Erosion . One of the three alternate 
methods given below'may be used where wave erosion Is a hazard. 

Alternate Mo. 1 - A berm having a minimum vidth of 8 feet is 
constructed on the qpstream face of the embankment at or not 
more than one foot below the normal pool level. The berm is 
level in a longitudinal direction and may be flat or have 
not greater than a 10 percent slope away from the embankment. 
Appropriate water-tolerant vegetation is planted on the berm. 

These criteria apply to dams containing a considerable amount 
of detention and the normal water surface elevation falls 
some distance below the crest of the emergency spillway. 

Under conditions where the normal water surface elevation is 
close to the crest of the emergency spillway, as is the usual 
case in storage dams. Alternate Vo. 2 usually applies. 

Alternate No. 2 - Riprap for wave protection shall be used 
to protect the upstream face of the embankment. Other 
methods of protection may be required where riprap material 
is not available. 

Alternate Mo. 3 - Special design employing flatter slopes 
mty under sooti"*conditions provide adequate protection against 
wave action. 

Settlement. The constructed elevation of the embankment at all 
sectlonsshall be sufficient to insure that the settled elevation will 
be greater or equal to the design elevation of the embankment. For 
Class III embankment an additional 10 percent in height must be added 
for settlement. For Classes I and II embankment, an additional 5 percent 
in height will be added. Settlement takes place in the foundation as 
well as in the embankment. 

Determination of Design Requirements. The following minimum 
conditions are specified: 

Conditions or criteria requiring Class I or II embankment. (See 
page 9-2.) 

(1) All dams that are to be constructed as Claes (b) or (c) 
structures as defined in Washington Engineering Memorandum 
No. 3, Revised. 

(2) All structures where the product of storage volume in acre 
feet and the vertical distance in feet between the emergency 
spillway crest and the lowest point in the cross section on 
the center line of the dam exceeds 3000, 

(3) All dams over 30 feet in design height. 



3. DESIGN OF EARTH PAHS AMD DUGOUTS (OONT»D) 

Embankment (comb'd) 

Determination of Design Requirements (contM) 

The above conditions require soil sanples and tests of 
foundation and embankment materials. Tests should also be 
made where foundation or embankment materials are shaley or 
questionable, or where there is saturated alluvial material. 

The need for laboratory study and analysis of foundation and borrow 
materials and for higher quality embankments are particularly dependent 
upon the judgment of the field engineer. When in doubt, request 
assistance or submit soil samples for laboratory tests. 

It is not the intent to make the above requirements and criteria 
binding to the point of impracticability. Considerable judgment will 
need to be exercised in the field. Where structures of comparable size 
and material have been built and proven successful under conditions 
similar to and in proximity of the one under consideration, it generally 
would be considered practicable to build a new structure with specifi¬ 
cations similar to those used for the previous structures. Where soil 
sampling and laboratory tests are not employed, there must be a knowledge 
of or experience with similar materials so the Characteristics and behavior 
of the materials are known. Where knowledge or local experience indicates 
critical features may exist, it is the responsibility of the technician 
who designs the structure to see that adequate investigations are made and 
adequate standards required. 

In general, an embankment designed within the scope and understanding 
of the Handbook will call for slopes of 3 to 1 upstream and 2 to 1 down¬ 
stream, standard top width, foundation treatment core wall construction and 
placement of embankment. Where the need of a given area or condition 
repeatedly calls for special measures, they will be specified by the 
responsible engineer and may then become a part of standard operating 
procedure. Such special measures may include flatter slopes, berms, 
greater top widths, special contactive methods, moisture control, etc. 

Characteristic Analysis of Borrow Materials . 

The best materials are those which are graded from coarse sand and 
gravel through clay. This type of material is best from the standpoint 
of compacted weight, permeability, stability, and workability. The ideal 
sandy fill material approximates 6056 sand, 30 % silt, and 1056 clay. The 
clay limit for an ideal material is generally considered to approximate 
2%, or a gradation represented by 25% silt and $0% sand. Addition of 
gravel up to 3056 to this material would increase the compacted weight 
and impermeability, and the resulting mixture would be very workable if 
free from stones of over 6 inches in maximum dimension. Heavy clays 
with the approximate composition of 2056 sand, 3056 silt, and $0% clay, 
for use as cores or blankets are to be worked with special precautions. 
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3. DESIGN OF EARTH PAHS AMD DUGOUTS (COITHD) 

Characteristic Analysis of Borrow Materials (cont»d) 

Soils containing UO percent or more silt generally are Characterized by 
low shearing resistance and therefore are prone to slough or slide when 
loaded and saturated. Some soils with higji lime contents have been 
found to be suitable for borrow. Such soils may lend themselves readily 
to compaction and retain a high degree of workability even when wet. 

When limey soils are thoroughly vet rolled, a sort of "setting up" occurs 
and the resulting fill is very dense and coapact. Gypsum in borrow 
materials is not so detrimental as in foundation materials. Borrow 
materials containing over 1.5 percent soluble salts should be excluded 
if possible. Soils with 0.5 to 1.5 percent total salts must be 
thoroughly compacted, and in placing care must be exercised so that 
large zones of such material are not segregated in any portion of the 
dam. Dispersed soils become unstable when vet, and are prone to crack 
or shrink severely when dry. Dispersed soils often require special 
design and should be avoided if other material is available. Soils with 
high silt content or high clay content, usually yield low compacted 
weights and therefore the embankment design must be adjusted accordingly. 

In the light of the foregoing discussion, it should be evident that 
structures must be designed according to the materials at hand. Any 
borrow material selected on the basis of field determination may prove 
to be undesirable when tested in the laboratory. 

Flood Flow and Annual Yield 

See Part 3 for estimating surface runoff and annual yield. In 
general, the earth dams and connected structures designed within the 
scope of this Handbook will be based on a peak flow of not less than 
25 -year frequency. 

Design Features Related to Storage 

For permanent storage of livestock water, the minimum depth will 
depend on site and climatic conditions. A minimum of 10 feet is 
generally preferred. 

Where permanent storage is planned for fish, a minimum depth of 
10 feet should be provided. A deep pond of small surface area will 
be less subject to evaporation. To avoid the growth of aquatic plants 
which harbor fingerlings and thereby cause overpopulation, no shallow 
areas with flat slopes should be allowed. 

Where storage is desired it is necessary that the lands and 
drainagevays in the watershed be stable. At least 75 percent of the 
area should be in permanent vegetation or tinder conservation land 
treatment, with 100 percent the goal. In addition to the storage 
designed for water, a definite volume is required for silt. This space 
will insure the proper functioning of the structure throughout its 
life. 
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3. DESIGN OF EARTH DAMS AND DUGOUTS (OONT'D) 


Design Features Related to Storage (cont>d) 


The cost versus benefit of the storage proposed should be carefully 
weighed. An increase in the amount of storage can decrease flood damage 
downstream, gives greater protection to the emergency spillway because 
of less frequent use, or insures a greater supply of stock or irrigation 
water. Against this must be charged the increased damage within the 
pool area, the cost of additional embankment and other construction items 
and maintenance as well as restrictions imposed by state law. 


The volume of storage may be measured by one of the methods of survey 
described in Part 1 of this Handbook. 


The use of storage in design can be made by several methods. The 
development of hydrographs are described in Part 3. 



(See Figure 9.1) 


Function . The function of the principal spillway is to convey in a 
safe and non-erosive manner all discharges equal to or less than the 
design discharge of the principal spillway from the reservoir to the 
natural drainageway. The principal spillway may be reinforced concrete 
sectional pipe supported by cradle or bedding, monolithic reinforced 
concrete conduit, welded steel pipe, corrugated metal pipe, or close 
riveted and asphalt dipped corrugated metal pipe with watertight 
connecting bands. Generally this spillway is a drop inlet through the 
embankment but it could be a chute or drop spillway constructed of 
concrete. Selecting material for the principal spillway should be based 
on the expected life of the structure. 


Alignment . The alignment of the principal spillway should be dictated 
by the necessity for a suitable foundation and to receive and discharge 
flow in the most suitable manner. For location, the structure may be 
placed in original ground where dry and stable or on thoroughly compacted 
fill. It is not wise to place the pipe on compacted embankment for a 
part of its length with the remainder on original ground. If it is 
imperative that a portion be on compacted fill and the remainder on 
original ground, at least two feet over excavation should be made in 
original ground and this void filled and compacted in the same manner 
as the rest of the fill to equalize conditions throughout the length of 
the pipe. 

Sometimes the location of the principal spillway seems most suitable 
along one bank of the gully. The outlet should be nearly parallel with 
the channel downstream to minimize scour in this area. If the dam site 
will not allow straight horizontal alignment of the principal spillway 
a slight bend may be used when prior approval has been given by the 
responsible engineer. When conduit cuts an angle other than 90° with 
the center line of the embankment, the increase in length must be 
computed. 
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TYPICAL SECTION OF A FLOODWATER RETARDING STRUCTURE 

SHOWING PRINCIPAL SPILLWAY 
Figure 9.1 
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3. DESIGN OF EARTH DAWS AND DUGOUTS (OONT»D) 

Principal Spillway (contM) 

Diameter of Outlets . The minimum size of gated outlets shall be 
based on the discharge capacity required to meet downstream interests. 

Trash Racks at Entrance of Principal Spillway . Trash racks shall 
be designed to provide protection against clogging of the inlet or the 
spillway conduit proper. 

Anti-Vortex Device . All principal spillways shall have adequate 
anti-vortex devices. 

Durability of Materials . All the component parts of the principal 
spillway conduit except the cantilever outlet shall be of approximately 
equal durability. 

Cantilever Outlets . Cantilever outlets of principal spillway 
conduits shall be supported on bents or piers and shall extend a 
minimum of 5 feet beyond the bents or piers which shall be located at 
or below the intersection of the downstream slope of the earth dam 
embankment and the grade line of the channel or waterway below the 
dam. The invert of the cantilever outlet at its lower end shall be at 
least one foot above the grade of the downstream channel, tfhile it is 
unwise to have an outlet set too high, it is far more simple to 
correct than one that is too low. An artificial stilling pool will 
be excavated when soil conditions at the downstream end of the 
cantilever outlet indicate that a stilling pool will not be readily 
formed by flows without extensive erosion of side bank or the constructed 
embankment. 

Anti-Seep Collars . All conduits through or tinder earth embankments, 
foundations, and abutments shall be protected with anti-seep collars. 

This includes pipelines, utility lines, etc. The minimum number of 
anti-seep collars shall be determined by the size of collars and the 
length of that portion of the conduit which lies in the saturated zone 
of earth embankment. That portion of the barrel in the saturated zone 
shall be considered to extend from half way between the center line 
and the downstream toe of the embankment, upstream to the inlet of the 
barrel or the base of the riser, whichever is applicable. The number 
and size of collars, spaced on not to exceed 25 foot centers, shall be 
such that their projecting length, times two, is equal to or exceeds 
15 percent of the length of the barrel lying in that portion of the 
saturated zone being considered. (See Figure 9.2.) 
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3. DESIGN OF EARTH DAMS AND DUGOUTS (OOMT«D) 


Principal Spillway (confd) 
Anti-Seep Collars (confd) 



Location of Anti-seep Collars and Toe Drains 
Figure 9.2 


Required creep distance • (B * l/2 L) x 1*1$ * U6.3x 1.15 • 53*2 

Additional creep distance required 53.2'- U6.3’■ 6.9’ 

Use two 2.0* collars » 8*0' 

Capacities . For edacities of pipe "drop-inlet" culverts, see 
the Head Discharge tables for Weir flow, orifice flow, and pipe flow, 
in Part 15 of this Handbook. 

Principal Spillway of a Grade Stabilization Dam . The capacity of 
the principal spillway of an erosion control dam will be dependent 
upon the protection necessary for the emergency spillway. The 
following general specifications apply: 

(1) The principal spillway (pipe or conduit) will have a 
minimum capacity equal to or greater than 25 percent 
of the peak flood flow based on a 25-year or greater 
frequency storm except as qualified by (2). 





3, DESIGN OF EARTH DAMS AMD DUQOUTS (OONT'D) 
Principal Spillway (cont*d) 

Principal Spillway of a Grade Stabilization Dam (contM) 

The following table is a guide for determining the 
percentage of the peak flow to be handled through 
the principal spillway by classifying the quality of 
the emergency spillway without considering spillway 
storage . 


Quality of the 

emergency 

spillway 

Percentage of 
peak flow to 
be handled by 
principal spillway 

Frequency of 
flow expected 
in emergency 
spillway 

General condition 
of 

emergency 

spillway 

Very good 

25% 

Once or twice 
per year 

Smooth sod 

Good 

35% 

Every 2 years 

Sod, small drop 

Fair 

50% 

Every 3 or U 
years 

Good spread, over 
shrubby banks 

Poor 

75% 

Every 8 years 

No spread, over 
raw bank 

Very poor 

100% 

Every 25 years 

Over sand bank 
or in building 
lots. 


(2) Where practicable, temporary storage (between the crests 
of the principal and emergency spillways) may be used in 
conjunction with the principal spillway to provide control 
of outflow. The combination of outflow through the 
principal spillway and the temporary storage shall 
provide disposition for at least 2$ percent of the peak 
flood flow to meet the minimum requirement. Conservation 
land treatment must be such that there will be no 
significant loss of the temporary storage voluae. 
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3. DESIGN OF EARTH DAMS AND DUGOUTS (CONT»D) 


Principal Spillway (cont'd) 

Principal Spillway of a Grade Stabilization Dam (contM) 

When temporary storage is considered, the effects can be 
determined by the following formula: 



or 


) 2 .( 2 ) 


volume of detention storage in reservoir 
total storm runoff 
inflow peak rate 
outflow peak rate 

In solving the formula, use the situation where the runoff 
from a selected frequency storm just fills the detention reservoir 
to the emergency spillway level. The detention storage (V s ) is 
then fully operative. Also, the peak outflow rate (Q 0 ) is the 
principal spillway flow (pipe flow) with the head causing flow 
at emergency spillway elevation. 

Theoretically, the value Q q in formula (1) more nearly 
reflects average pipe flow than peak pipe flow. However, based 
on actual flood routing, when the ratio Q^/Qj is small, Q 0 
can be taken as the peak outflow rate. This gives a percent 
error small enough to be relatively insignificant. When Q /Q, 
exceeds 0,U5> the formula gives errors of 5 percent or 
more. Therefore, the formula should be used only when: 

Qq/Q, 5 0.45 

or 

V s A f £ 0.3 

w 


( 

V s - V 1 - qT 


where 


V, 


Ui ■ 


CL - 
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Principal Spillway (contM) 

Principal Spillway of a Floodwater Retarding Dan . The required 
capacity of the principal spillway of a floodwater retarding dam is 
dependent on 

(1) The benefits that accrue due to reduction of discharge. 

(2) The needs to satisfy downstream water use. 

(3) The damages resulting from storage and prolonged outflow. 

(U) The effect of significant runoff from two or more consecutive 
storm events during the time required to discharge the 
detention storage. 

(5) The capacity of the downstream channel. 

The crest of the inlet of the principal spillway shall be placed at 
the computed elevation of the sediment pool. Gated openings or ports 
placed below the elevation of the sediment pool do not represent the 
crest of the principal spillway. 

Principal Spillway of a Storage Dam . Vhen an erosion problem exists 
in connection with the location, or if one will be created in the 
construction, of a water storage dam, a principal spillway will be 
designed to provide protection for the erosion problem as well as the 
facility. 

In lieu of a principal spillway, trickle tubes are often used in 
water storage dams. Criteria for their use and required capacity are 
specified in technical standards of specifications. Discharge capacities 
for pipe can be found in Part 16 of this Handbook. 

Gated outlets provided in irrigation storage dams must be of 
sufficient size to pass the required irrigation stream and to provide 
for other downstream interest. Figure 9.3 shows a typical installation 
of this nature. 

A stock watering device to feed a tank below a storage reservoir is 
often recommended to assure a relatively pure stock water supply. In 
these instances the impounded area is fenced to prevent pollution. For 
a typical installation see Figure 9.U. 

Principal Spillway for Dugouts . Where a dugout is constructed with 
a part of its capacity above ground, the criteria for storage dams should 
be used to plan means for outflow of excess water. 




SZ-6 




U. 5. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 


-Emergency Spillway 





Ground line 


Drain pipe 


6"dio. tile gate 
(stem well / 


Woter Jine 


Pipe riser with 

Pipe moy extend ^ our ro * s T holes 
above woter level centers . 

\io show local ion of intokej 


A/ternofe 

111 


Oa/v iron pipe. min. size Ip'dia. Concrete Co Hors ‘4"*3j 


^-Pioce pipe on original earth foundation) 

'La y pipe be/ow frost line _ _^_^, ^Support pipe' 

I Float voive 


Gate volve- 


Perforote me/ol^ ..ST ^ 

barrets, frit with gravel f,rm ^ se ' 
Place on a concrete 
fo undot ion ond extend pipe up through 
center. 


Droin pipe~ 


(Coupling 


Loy pipe below 
frost tine J 


Wood cover- 
\ 

7 7 / r~r~7 — 7 — 7 — 7 — 7—7 

Cut botfom of tile 
so that it will extend ' 
below bottom of pipe. ^ 


I ' Union-' 

DETAIL OF WATERING TANK INSTALLATION 
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R 7—7—7—7—7 — 
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idr bell ond spigot joint 

a 

'Cote voh/e 


TYPICAL STOCK WATER TANK INSTALLATION 

Figure 9.4 
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3. DESIGN OF EARTH DAMS AND DUGOUTS (OONT'D) 


Emergency Spillways 

The term emergency spillway as used in this Handbook denotes any 
spillway other than a principal spillway or trickle tube. Other writings 
on the subject of dams may refer to such spillways, under certain 
conditions, as secondary, auxiliary, or vegetated spillways. In the 
majority of cases the emergency spillway will cut through unconsolidated 
material which is to be seeded and vegetated. It may be excavated in 
rock or constructed of compacted embankment. 

The function of emergency spillways is generally to assist a principal 
spillway in conveying runoff safely past a dam. How much and how frequent 
flow the spillway can cariy is one of the problems of design. Some 
criteria has been shown tinder the subject of "Spillways". The emergency 
spillway should be designed to handle, as a minimum, the 25-year peak 
flood flow. On sites where construction will require excessive yardage 
or cause heavy cuts with long steep side slopes into the spillway area, 
the emergency spillway capacity may be decreased below the 25-year 
frequency by that amount handled by the principal spillway. Under such 
conditions an emergency spillway must be designed to not less than 
50 percent of the peak flow of a 25-year frequency storm without over¬ 
topping the dam. Snow problems should be considered in locating spillways. 

The emergency spillway is composed of an inlet channel and an exit 
channel which are coincident at a common section known as the control 
section. The control section is that section of the spillway beyond 
which the slope of the channel is equal to or greater than critical slope 
and back of which the slope is less than critical slope. The following 
factors should be considered in the design of emergency spillways. 

(1) The channel should be formed within undisturbed or compacted 
earth or rock and the water surface under maximum discharge 
be confined by undisturbed earth or rock or carefully 
constructed and compacted levees of safe proportions. In no 
case should the water surface be permitted against loose 
uncompacted fill. 

(2) The difference in elevation between the crest of the emergency 
spillway and the principal spillway shall be sufficient to make 
the principal spillway operate at design capacity. 

(3) Curvature of the spillway alignment is permissible above the 
control section. Below the control section where super¬ 
critical flow exists the channel must be straight in alignment 
to a point far enough below the earth dam embankment to 
insure that any flow which might escape from the exit channel 
cannot do damage to the embankment. 
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DESIGN OF EARTH DAMS AND DUGOUTS (OONT'D) 



(U) Unless compensating features exist or are added, the farther 
downstream the control section is located, the higher is the 
required stage in the reservoir for any given discharge because 
of the increase in head loss in the inlet channel. This 
requires an increase in the elevation of the embankment and 
higher cost. 


(5) The cross sectional area of flow in the inlet channel should be 
large in comparison to the flow area at the control section so 
as to minimize the losses in the inlet channel. This increased 
flow area may be obtained by increasing the depth or the width 
or a combination of the two. 


(6) The earth spillway above the control section should be constructed 
with an ascending slope from the reservoir. The channel may be 
deepened to increase flow area and reduce friction loss by the 
construction of a forebay. This may be accomplished by inserting 
a Short reach on a 10 to 1 slope. Where the depth of the channel 
varies as through the 10 to 1 slope, the bottom width of the 
channel should be changed to avoid abrupt changes in the 
configuration of the sloping channel banks. For example, if 
the width of the channel bottom just downstream from the 10 to 
1 slope were 120 feet, the channel side slope were 2 to 1, 
and the drop throu^i the 10 to 1 bottom slope were 6 feet, the 
bottom width of the channel Just upstream from the 10 to 1 
bottom slope should be 120 - 2(2x6) ■ 96 feet. 


A uniform transition should exist between these two bottom widths. 
See Figure 9.5. Figure 9.6 shows the profile of this spillway. 
Figure 9.7 shows the plan view of a spillway, with an inlet 
section which has both a horizontal flare and an ascending grade. 
See Figure 9.6 for a profile of this typical plan. 

(7) If a road must cross a spillway it should be at a point at 
least 20 feet upstream from the control section and preferably 
across a deepened part of the inlet channel. Where dams are 
used for roads, special provisions must be made for spillway 
crossings. 

(8) Fences should be kept out of the spillway if at all possible. 

If it is absolutely necessary to cross the spillway with a 
fence, suspended water gates that will rise and float on the 
surface of the water should be provided and kept in good repair, 
or the fence should be located at a low elevation in the 

inlet channel just above the normal pool level, so that debris 
will float over it when the emergency spillway begins to 
function. 
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Figure 9.6 
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3. DESIGN OF EARTH DAMS AMD DUGOUTS (OJiTPD) 

Emergency Spillways (confd) 

(9) The grade of the exit should be sufficiently steep to insure 
supercritical flow for 25> percent of the design discharge used 
to determine the capacity of the emergency spillway. 

(10) The depth of flow in the control section of the emergency 

spillway should be kept as low as possible* considering other 
conditions* and should not exceed 3 feet unless some very 
critical need exists. This restriction arises from the 
velocities and scouring action which accompany greater depths 
as they pass through critical sections and onto steeper 
slopes. 

Figures for capacities of emergency spillways will be found in 
Part 16 of this Handbook. 

Design of Dugouts 

A dugout should be provided with one or more entrances sloped to 
U to 1 or flatter to permit stock to utilize the water at any level. 

The remaining sides can be made steeper* but ordinarily not more than 
2 to 1 since most soils* when saturated* are not stable on steeper 
slopes. 

The excavated material may be wasted around the edges or used to 
build up dikes to increase impoundage by storing water above the 
excavation. A berm of at least 10 feet in width should be left 
between the excavation and the spoil or embankment. 

Where a dugout is constructed with part of its capacity above ground* 
the criteria for storage dams should be used. 

Fencing and Seeding 

Earth dams and spillways or dugout embankments or spoil banks Should 
be vegetated with recommended grasses as soon as possible after con¬ 
struction. If necessary to protect the seeding* the area should be 
fenced to exclude livestock. 

U. LAYOUT 


Layout of an Earth Dam 

Structures Designed Before Layout . For these structures* the location 
of the fill and emergency and primary spillways must be transferred from 
the plan to field points. Slope stakes and elevation stakes shall be set 
as needed. See Part 1 for examples of notekeeping and staking. 


U. LAYOUT (OONT»D) 
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Layout of an Earth Dam (cont *d) 

Structures Designed at Time of Layout . These normally are small or 
standard type structures. See Part 1 for staking of embankment and 
spillway. Data sheets, as shown in Part 2, are utilized instead of field 
notes in some instances. Principal spillways, trickle tubes, or gated 
outlets shall be staked for alignment and elevation. 

Computation of Quantities . For confutation of quantities of 
embankment the center line fill height may be used with the horizontal 
distance to the upstream and downstream toe to find the end area from 
the Earth Work Computation Tables. For cross sections where the ground 
surface perpendicular to the center line of dam is irregular, such as 
in the raising of an old dam or construction at an overfall, the cross 
sections may be plotted and the area determined by use of a planimeter 
or calculating machine. 


Computation of yardage for major structures should be based on the 
foundation as it is ready for embankment, minus strippings and other 
material necessary to prepare minimum slopes within the confines of the 
dam foundation. When applicable, separate cross sections will be used 
to show core trench excavation, emergency spillway excavation, and 
dike or wing fill. 

Layout of a Dugout 


Slope stakes and cut stakes shall be set and recorded according to 
the principles outlined in Part 1. If the topography is very irregular, 
cross sections should be taken to provide an accurate measurement of 
the yardage. Adjacent cross sections should be within 10-20 percent 
of equal area when yardage is computed by the end area method. Yardage 
may be calculated by the prismoidal formula. Special precautions must 
be taken in applying this formula when the land surface varies more 
than 2 feet in elevation within the dugout area. 

The prismoidal formula is: V ■ */6 h (Pi 4 £ 2 ) 

27 

where V ■ volume in cubic yards 
h ■ total depth in feet 


P^ ■ area of top in square feet 
Pg « area of bottom in square feet 
N ■ area at 1/2 h in square feet 


(The mid-area must be measured, not averaged, between the top 
and bottom, if it is to be significant.) 
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5. CONSTRUCTION 


Foundation 

The following items must be considered'in the preparation of the 
foundations 

(1) All material containing any appreciable amount of organic matter 
should be removed. This material may be used for a top dressing 
of the embankment and spillway slopes to provide a more fertile 
base for vegetation. 

(2) Stumps and roots over 2 inches in diameter in the area must be 

grubbed to a depth of 3 feet. If they lie within a core trench 

over 3 feet deep they will be grubbed to the elevation of the 
bottom of the core trench, 

(3) Loose rock larger than six inches in maximum dimension shall be 
removed from the foundation area. 

(is) All steep earth slopes within the confines of the dam should be 

sloped to a minimum of 1 to 1 to provide a proper foundation. 

Earthen materials depend mostly on gravity for their stability. 

If any shrinkage takes place it would leave a cleavage along 
a vertical or near vertical wall. 

(5) No material should be placed on a frozen or boggy foundation. 

(6) If the stripped foundation has had time to dry out it should be 
scarified before any material is placed to facilitate bonding 
the new material to the old. It may also be necessary to wet 
the foundation for the same purpose. 

Core Trench . The core trench should be excavated with approximately 
an a foot bottom width and to the depth as shown on the plan or where 
necessary to reach impervious material. It shall extend the full length 
of the dam and have side slopes no steeper than 1 to 1, If the core 
trench material is suitable it may be used in the embankment. The volume 
of the void to determine the quantity of backfill may be measured by 
cross sections and planimetered end areas or by a prescribed section. The 
core trench shall be backfilled with select material in the same manner 
as that specified for the rest of the embankment. 

Foundation Drains . Where called for on the plans or where preparation 
of the foundation uncovers seepage, foundation drains should be constructed 
to intercept the seepage and conduct it safely beyond the downstream toe jof 
the dam. This will keep the downstream slope of the dam dry and stable, j 
These drains will be a trench having minimum dimensions of 18 inches wide 
and 18 inches deep, and filled with well-graded gravel or crushed rock. 

In some instances, gravel-packed pipe drains are utilized. The first cover 
over gravel drains should be placed carefully to avoid damage to the 
cross section of the filter. See Figure 9»2 for recommended location of 
toe drains. 
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5. CONSTRUCTION (CX)NT«D) 


Construction of the Embankment 


The material used in the embankment shall be free from sod, roots, 
brush, stones over 6 inches in diameter, frozen chunks or any other 
objectionable material. Placing and spreading shall be in 6 to 8 inch 
horizontal layers starting at the lowest part of construction. Where 
possible, these layers shall extend over the full area of the fill. 

The distribution and gradation of materials throughout the fill shall 
be such that there will be no lenses, pockets, or layers of material 
differing substantially in text tire or gradation from the stirrounding 
material. Where Class I or II embankment is specified, compaction 
equipment shall be used to produce the required density. Where moisture 
is not adequate it shall be added in the borrow pit or on the fill. It 
may be necessary to mix the material to insure uniformity of material 
and/or moisture. When the material is too wet, it shall be dried before 
compacting. Special care must be taken to obtain proper compaction 
around rock, against steep abutments, etc. 

Borrow Areas 

The borrow material Should be obtained from a site which is not only 
situated conveniently for hauling, and which has proper material but is 
in a position to leave a satisfactory area afterward. It Should be at 
least 25 feet out from the front slope of the dam. No borrow should be 
taken where it will leave ugly scars on steep slopes, places difficult 
to stabilize and vegetate, or which are unsightly to view. These high 
pits are frequently economical for a contractor to use but are no benefit 
to the land. The best source for borrow, since it frequently has the 
additional advantage of adding to the storage available for sediment or 
water, is upstream from the dam, below the waterline. The material from 
an excavated spillway should be used if suitable. It is a good plan to 
use this material reasonably early in construction so that none need be 
wasted and thereby add to the total cost. 

Principal Spillway and Outlet Conduits 

The principal spillway Shall be installed in accordance with the 
plans and specifications. 

Corrugated Metal Pipe Outlet . Just before the pipe is placed, the 
bottom of 1 the pipe trencK shall be shaped to fit the outer circumference 
of the pipe in such a manner that at least 1/6 the circumference shall 
bear against solid undisturbed ground or compacted material for its entire 
length. Because the foundation will settle more in the center or hich 
portion of the dam it is a good practice to slightly arch the pipe 
initially to allow it to come to a more nearly uniform gradient after 
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Principal Spillway and Outlet Conduits (cont *d) 

Corrugated Metal Pipe Outlet (cont f d) 

settlement. Where the outlet pipe is on from 1$ to 22 gradient this may 
be simply done by placing the section from the upstream end to center line 
of dam on approximately a zero gradient with the total grade initially 
constructed from the center line to the outlet. Where unsuitable material 
is found it should be excavated and replaced with compacted selected 
material. 

The circumferential joints Should be placed so the outside laps are 
upstream (proper shingling for waterflow) and longitudinal joints are 
at the sides. 

In banding corrugated metal pipe, a heavy asphalt mastic impregnated 
with asbestos or other filler material should be generously applied to 
the inside of the band and the outside ends of the pipe so that when the 
band is drawn tight the mastic will be extruded, providing a filled 
joint. Specially designed water-tight connections will be accepted if 
properly installed. 

Concrete Box or Pipe Outlet . Construction of concrete pipe and cradle 
or monolithic concrete box outlets will require more detailed speci¬ 
fications and design than is covered by this book. 

Anti-Seep Collars. Anti-seep collars, either metal or concrete, shall 
be constructed where shown on plans or according to specifications. For 
dams of considerable height with corrugated metal pipe, concrete collars 
may not allow sufficient deformation of the section of pipe within the 
collar in relation to adjacent sections. For this reason metal collars 
are usually specified under these high embankments. 

Where metal collars (diaphrams) are used, care must be exercised to 
insure water-tightness. A heavy asphalt mastic impregnated with asbestos 
or other filler material Should be used between all joined surfaces. 

Pipe Supports . Pipe supports will be constructed where shown on the 
plans or where, in the opinion of the designing technician, they are 
necessary to insure protection of the downstream toe of the dam from 
erosion. Concrete, steel, or treated timber may be used. 

Concrete . Concrete for the base of the riser, anti-seep collars or 
pipe airport shall conform to the standard for Class "B* concrete as set 
in the Standard Technical Specifications. 
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Principal Spillway and Outlet Conduits (confd) 

Backfill . After the outlet pipe, anti-seep collars, base for riser 
and appurtenances have been installed and Inspected, backfill of selected 
earth material should be placed to a height of two feet over the top of 
the pipe. The backfill should be made in U inch layers with each layer 
thoroughly compacted by hand or mechanical tampers. 

Earth backfill should be uniformly compacted directly to all concrete 
or metal and earth surfaces. If the pipe is not entrenched it will 
likely be expedient to raise the adjacent embankment concurrently with 
the structural backfill. 

Care should be taken to insure the backfill being placed concurrently 
on both sides of the structure so as to prevent displacement by unequal 
side thrusts. 

If sufficient moisture is not present in the backfill material it 
should be added in the required amounts. 

No backfill should be placed against earth retaining concrete 
structures for 7 days or until the concrete has attained a strength 
of 2,000 pounds per square inch. Concrete placed in cold weather may 
require longer periods to attain required strength. 

Livestock Watering Facility 

For details of construction of a typical stock-watering device see 
Figure No. 9.k. 

Excavation of Dugouts 

A bulldozer is probably the most efficient piece of equipeient for 
excavating a dugout and moving the material the short distance required. 
The flat slopes to be used by livestock for access to the water provide 
the ramp for removing the material. 

Fencing 

When fencing is required use standard plans. 
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6. MAINTENANCE 


Maintenance of Embankment 


Unless some unusual development occurs the maintenance necessary for 
an earth embankment is very minor. If excessive seepage develops in the 
downstream toe or if sloughing of the downstream slope of the embankment 
or of the abutments should occur, it should be brought to the attention 
of the Area Engineer. 

As mentioned before, the fill should be seeded to suitable grasses. 
However, if conditions are not favorable for grass, other vegetation in 
the form of weeds will develop to help protect the surface. The latter 
are less desirable from appearance but will assist until grass can be 
started. 

If traffic from livestock tends to damage the embankment, they should 
be fenced out. 

Maintenance of Emergency Spillway 

Where subject to travel by livestock the emergency spillway should be 
fenced. If fenced, establishing vegetation will be the primary problem 
of maintenance in the emergency spillway. Once a good stand is established 
no further trouble should be experienced. If erosion occurs before 
vegetation is established, or by unusual flows afterward, the damaged 
areas should be repaired and reseeded as quickly as possible. 

The outlet structure of the principal spillway through an earth dam 
should be practically trouble-free if properly maintained. It Should be 
inspected periodically, particularly following heavy discharges, to 
insure the removal of debris from the trash rack or obstructions that 
might have become lodged in the riser or barrel. Beaver have been known 
to plug drop inlets in wet areas. 

7. EQUIPMENT 


Engineering Equipment 

For investigation of the site and of borrow material, soil sampling 
equipment will be needed, i.e., a soil auger, a spade, or under certain 
conditions, power drilling and sampling equipment. For finding and 
checking moisture-density relations, testing equipment will be needed. 

Construction Equipment 

For most earth dams and dugouts heavy earth moving equipment will be 
needed. Where compacted embankments are required, compaction equipment 
also will be necessary. 
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7. EQUIPMENT (OONTU)) 

Construct!on Equipment (cont 1 d) 

A bulldozer isan economical earth mover for short distances and can 
be used to place and spread borrow materials in a satisfactory manner. 
However, it has fallen into disrepute because of the too common practice 
of pushing everything into the embankment with earth materials} i.e., 
brush strippings, etc. In addition, operators often fail to spread the 
load but leave it in a pile which does not lend itself to developing 
adequate or consistent densities. 

Also contrary to the belief of some people, a track-type tractor is 
not a good compactor. The rubber-mounted dozers may produce better 
densities by their travel. This deficiency is overcome where compaction 
equipment is used for compaction. 

Because of these inherent weaknesses in the bulldozer operation it 
has been found necessary in general to require scraper wagons for placing 
the borrow material in earth embankments. 

Vhere an earth dam is to be placed in a narrow, deep gully, it is 
usually more simple, cheaper, and better to prepare the site with a 
dragline. A dragline can remove the strippings and waste material clear 
of the area, whereas a bulldozer often only mixes it up and leaves it 
in the way. 

A dragline or boom truck is very convenient to help install corrugated 
metal pipe and appurtenances. 
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PART 10 

SPRING DEVELOPMENT AND HYDRAULIC RAMS 
SPRING DEVELOPMENT 
1. GENERAL 


The development of a spring involves the construction of a collection 
system, placement of a delivery pipe, and a water tank installation. 

Spring formations do not follow fixed patterns and many types of 
construction are employed to develop the supply. Experience and Judgment 
are essential factors in the design and construction of water supplies 
derived from springs. 

Springs are places where, without the aid of man, water flows from 
rock or sand onto the land or into a body of surface water. 

That portion of precipitation which percolates into the ground is 
called ground water. Ground water may be divided into two zones - saturated 
and unsaturated. The surface of the saturated zone is known as the water 
table. Ground water in the unsaturated zone moves downward with the pull 
of gravity only when above field capacity, but water in the saturated zone 
moves horizontally and down gradient with the water table. An outcrop 
of the saturated zone produces a spring. Four general types of springs 
are shown in Figure 10.1. 

Springs similar to those shown in Figures 10.1-A and 10.1-B are 
usually developed by constructing a cutoff trench. 

The flow of the artesian type of spring shown in Figure 10.1-C can 
usually be increased by removing obstructions at the mouth. 

Springs that originate from a rock fissure (Figure 10.1-D) or from one 
central seep in the bottom of a draw are generally developed by constructing 
a spring box around the seep. A collection system is seldom used. 

2. DEPRMDARII.ITY 


The type of spring shown in Figure 10.1-A frequently is the least 
dependable supply because of the limited storage that may be available. 
The artesian type spring shown in Figure 10.1-C usually affords the most 
dependable supply) however, this does not always hold true. The dependa¬ 
bility of springs is difficult to estimate because of the many variables 
that affect the source of supply. The type of spring, conditions found 
after an exploratory excavation, and local information as to the past 
behavior of the spring, are all factors that should be considered. Sound 
judgment must be used to eliminate the expensive development of springs 
that may soon go dry. Where possible, the flow of springs should be 
measured to determine how nearly it will meet stock water or other 
requirements. 
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TYPICAL TYPES OF SPRINGS 



Figure 10.l 
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3. COLLECTION 

In the development of a spring it is often necessary to provide a 
means of picking up or collecting water from several outcrops and leading 
it to one central point of concentration to provide an adequate supply. 

This is especially true in developing hillside springs. The collection 
trench or gallery is usually dug just above the line of seepage and 
excavated to a depth that will intercept the water-bearing strata. In 
some cases, it may be necessary to follow the sand veins into the bank a 
short distance to remove any obstructions so a sufficient flow is obtained. 
The trench usually is excavated to a width of about 2 feet to receive the 
collectors, and for ease of digging. 

The collector may consist of clay tile or perforated pipe laid in 
graded gravel and sand or be simply a trench filled with graded gravel 
and sand. In the construction of the collector it is good practice to 
tamp impervious clay in the downstream side of the trench, as illustrated 
in the "Detail of Collector" in Figure 10.2. The clay core is tied in with 
the impervious material below to intercept the water and cause it to flow 
laterally to the point of collection. Under some conditions, sand points 
may be driven into the saturated vein to serve as collectors. 

The head wall or cutoff usually is constructed in the shape of a large 
V with the apex at the lower side and the wall extending back into the 
banks to prevent the water from going around the ends. This detail is 
illustrated in Figure 10.2. The wall should be at least 6 inches thick 
if concrete is used, and should be carried deep enough to prevent under¬ 
flow. Rubble masonry, clay, or other impervious materials may also be 
used. Rock and graded gravel should be placed above the head wall to 
collect any silt that may be deposited and to direct the flow into the 
outlet pipe. 

A spring box may be incorporated in the apex of the V-shaped wall. It 
has the advantage of making the spring more accessible, permitting 
maintenance without disturbing the system as a whole, 

h. SPRING BOXES 


In the event that a spring box is used with a collection system, the 
upper wall should have openings or be constructed of some porous material 
so that all the water collected by the galleries can enter the box. Spring 
boxes for springs not requiring a collection system may or may not have a 
porous upper wall, depending upon the spring. In the case of springs 
coming out of a rock ledge, the sides of the spring box frequently are 
tied into the rock wall which serves as the upper side of the box. 
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h. SPRING BOXES (CONT»D) 

Spring boxes may be constructed of monolithic or precast concrete. 

Metal culvert sections or oil barrels may be used, also. Generally, wooden 
spring boxes are not recommended as their life is short. All spring boxes 
must be covered with a tight-fitting top to prevent any dirt or debris 
from getting inside. In case the spring is used for domestic water supply, 
the cover must be water-tight and the spring protected against any possible 
source of contamination. In cold weather the spring box and appurtenances 
should be covered with earth to a depth that will prevent freezing, 

5. DELIVERY AM) OVERFLOW PIPES 

An important part of the spring development is the arrangement of the 
delivery and overflow pipe layout. Experience indicates that a minimum 
pipe diameter of 1^-inch should be used where the grade is over 1 percent. 
Where the grade is between 0.5 percent and 1 percent, a 1-^-inch minimum 
is recommended. Grades under 0.5 percent require a 2-inch minimum pipe. 
Grades less than 0.2 percent are not recommended. When pipe sizes 
smaller than those recommended are used there is a tendency for them to 
become clogged with foreign matter, and they are difficult to clean. 

The delivery pipe should be laid carefully on a continuous, uniform 
grade. Sags or high spots usually create air-locks which may stop the 
flow, they also reduce the velocity of the flow. Pipes should be laid 
below the frost line and covered to prevent freezing. 

The inlet to the delivery pipe should be placed at least 6 inches 
above the floor of the spring box to provide a silt trap. A water-tight 
connection must be made where the pipe leaves the spring box or goes 
through a cutoff wall, A union should be placed on the pipe outside of 
the wall to permit easy removal of pipe sections. 

Wherever possible, the outlet pipe should be placed at such an elevation 
that a head of water is not created on the spring. An increase in head 
will result in a corresponding decrease in the rate of flow, and in the 
case of a weak spring, may cause the seeps to change their path of flow. 

The pipe connection with the water tank may be accomplished in a 
number of ways. The practice of bringing the pipe under the tank and 
vertically through the bottom is usually considered the most desirable 
where the tank is to be used during freezing weather. It also has been 
found beneficial to have the inlet and outlet pipes fairly close together 
near the center of the tank. Even though the water freezes around the 
edge of the tank it will tend to stay open at the center. Figure 10.2 
illustrates a good method of bringing the delivery pipe into the tank, 
as well as a method of by-passing the flow underneath the tank. 
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6. PROTECTION 



Springs frequently occur at points which are susceptible to flooding 
during periods of high runoff. Protection should be given to the spring 
and its appurtenant structures to permit its use without continuous 
maintenance. Properly located diversions will afford protection in mary 
Instances, The spring Itself may be developed so that flood flows passing 
over the top will not cause damage. The tank should be set above the 
floodwater level at a protected point by using a long delivery pipe 
placed at proper grade. 


HYDRAULIC RAMS 
1. GENERAL 


A hydraulic ram is a pump operated by water power. It utilizes the 
power developed by a given quantity of falling water to force a much 
lesser amount to an elevation above the source of supply. 

Water is conducted to the ram through a drive pipe which operates 
under a given head, depending on the differences in elevation between 
the source of supply and the ram. The water entering the ram is under 
pressure and is allowed to escape through a valve until a certain 
velocity is reached that causes the escape valve to close quickly, 
building up pressure which opens a flap valve, forcing a small portion 
of the water into the air chamber which connects directly with the 
delivery pipe. As soon as the pressure equalizes, the flap valve leading 
to the air chamber closes, the escape valve opens and water again flows 
out the escape valve until the velocity is built up to close it, 
repeating the process. Each stroke of the ram forces a certain amount 
of water out through the delivery pipe. The pulsations occur from 
25 to 100 times a minute, so the resulting discharge is nearly continuous. 

The volume of water that a ram will pump is dependent on the fall 
between the source of supply and the ram, the height the water is to be 
raised from the ram to the outlet, and the quantity of water available. 

Manufacturers build rams that will operate successfully on flows of 
l£ gpm or more when operating under a head of not less than 2.0 feet. 

The approximate pumping capacity of hydraulic rams for various ratios of 
height to which water is to be raised to the fall is given in Figure 10.3 
for flows varying from 1 to 1U gallons per minute. 



APPROXIMATE CAPACITY OF HYDRAULIC RAMS 


Flow - 

Source DISCHARGE FROM RAM TO STORAGE IN GALLONS PER HOUR 

to Ram _ 

in 

Gallons Ratio: Heieprt Water Must Be Raised/Fall From Source To Ram 


Per 


Minute 

■I 

5 

6 

MM 

8 

9 

10 

11 

12 

13 

11 * 

15 

16 

17 

18 

19 

20 


8.0 

6.0 

5.0 

l*.o 

3.5 

2.8 

2 . 1 * 

2.0 

1.7 

1 . 1 * 

1.2 

1.0 

0.8 

0.7 

0.6 

0 . 1 * 

0 . 1 * 


17.0 

13.0 

10.0 

8.0 

7.0 

5.7 

1*.8 

1*.0 

3 . 1 * 

2.9 

2 . 1 * 

2.1 

1.7 

1 . 1 * 

1.2 

0.9 

0.8 


25.0 

19.0 

15.0 

12.0 

10.0 

8.5 

7.2 

6.0 

5.1 

1*.3 

3.6 

3.1 

2.6 

2.1 

1.8 

1 . 1 * 

1.2 


31 *. 0 

26.0 

20.0 

16.0 

n*.o 

11.5 

9.6 

8.0 

6.8 

5.8 

1*.8 

1*.2 

3.5 

2.9 

2 . 1 * 

1.9 

1.6 

5 

1 * 2.0 

32.0 

25.0 

21.0 

18.0 

ll*.l* 

12.0 

10.0 

8.5 

7.3 

6.0 

5.2 

l *. i * 

3.6 

3.0 

2 . 1 * 

2.0 

6 

5i.o 

39.0 


25.0 

21.0 

17 . 1 * 

ll *. l * 

12.0 

10.2 

8.7 

7.2 


5.2 

U.3 

3.6 

2.8 

■9M 

7 

59.0 

1 * 5.0 

36.0 

29.0 

25.0 

20.0 

16.8 

11 *. 0 

11.9 

10.2 

8 . 1 * 


6.1 

5.1 

1*.2 

3.3 


8 

68.0 

52.0 

l * i.o 

33.0 

28.0 

23.0 

19.0 

16.0 

13.6 

11.6 

9.6 


7.0 

5.8 

1*.8 

3.8 


9 

76.0 

58.0 

1 * 6.0 

37.0 

32.0 

26.0 

21.5 

18.0 

15.3 

13.1 

10.8 


7.9 

6.5 

5 . 1 * 

1*.3 


10 

85.0 

66.0 

5i.o 

1 * 2.0 

36.0 

28.0 

21 *. 0 

20.0 

17.0 

11 *. 6 


10.5 

8.8 

7.3 

6.0 

1*.8 

l*.o 

mm 

9U.0 

72.0 

56.0 

1 * 6.0 

39.0 

31.0 

26.0 

22.0 

18.7 

16.0 

13.2 

11.5 

9.7 

8.0 

6.6 

5.3 

l *. l * 

msm 

102.0 

79.0 

62.0 

50.0 

1 * 3.0 

3l*.0 

28.0 

21 *. 0 

20 . 1 * 

17.5 

ll *. l * 

12.6 

10.5 

8.7 

7.2 

5.7 

i*.8 

mm 

111.0 

85.0 

67.0 

5U.o 

1 * 6.0 

37.0 

31.0 

26.0 

22.1 

18.9 

15.6 

13.6 

11 . 1 * 

9.5 

7.8 

6.2 

5.2 

& 
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92.0 

72.0 
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50.0 

1 * 0.0 

33.0 

28.0 

23.8 

20 . 1 * 

16.8 

11 *. 7 

12.3 

10.2 

8 . 1 * 

6.7 

5.6 

15 

128.0 

98.0 

77.0 

63.0 

53.0 

1 * 1*.0 

35.0 

30.0 

25.5 

21.9 

18.0 

15.8 

13.2 

10.9 

9.0 

7.2 

6.0 


Figure 10.3 
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1. GENERAL (POUT'D) 


In order to ascertain the practicability of installing a ram under 
any particular set of conditions, the information shown following Figure 
10.li should be collected. Submission of this information to reputable 
ram manufacturers will enable a recommendation to be made regarding the 
installation. Due to the variations encountered in ram installations 
and the difference in standards embodied in the rams built by various 
manufacturers, no attempt is made to discuss the details of selection 
and installation. 


DIAGRAMMATIC SKETCH OF RAM INSTALLATION 



The following determinations should be made in considering a hydraulic 
ram installation! 

1. Fall in feet from the source of supply to the site of the ram. 

2. Length of pipe required to conduct the water from the source 
of supply to the ram. 

3. Height in feet the water is to be raised - vertical distance 
between ram and point of delivery. 

U. Length of pipe required to conduct the water from the ram to 
the point of delivery. 

5. Supply of water available to ram in gpm. Wherever possible, 
the flow should be measured through a weir or by catching it 
in a container. Use the flow occurring during the dry season. 

6. Volume of water required in gallons per day and the purpose for 
which it is to be used. 
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WELLS & PUMPS 
1. GENERAL 


Technicians of the Soil Conservation Service, depending upon their 
locality, may or may not be requested to give assistance in the construction, 
development and testing of irrigation and domestic wells and the instal¬ 
lation of pumps from these facilities. The following has been prepared to 
aid in the understanding of the principles and techniques involved where 
such planning is needed. 

2 . IRRIGATION WELLS AND PUMPS 


Well Site 


In locating a well site, first select an area where indications point 
toward an adequate water supply. The United States Geological Survey and 
state organizations have a large amount of information on existing ground 
waters and should be consulted in the selection of well sites whenever 
conditions are unknown. 

Existing wells should be considered to avoid interference by over¬ 
lapping the zones of influence. 

The well should be located in close proximity to the area to be irrigated 
to reduce transmission losses. It is generally recommended that the well be 
located at the high point of the irrigable land so that flow to all parts 
can be obtained by gravity, thus obviating costly and troublesome elevated 
ditches or expensive installation of pipes or flumes. Where a closed 
distribution system, such as in a sprinkler system, is used, the location 
may be better near the center of the area to be irrigated. This location 
can reduce the cost of main lines. Where the high point in the field is 
relatively a small area, it might be better to force water up to it than to 
draw water for the whole field the extra few feet. This may save some drop 
structures as well. A survey should be made of the area proposed for 
irrigation and the well site to determine the high point. The extent and 
type of survey will depend on the topography and slope of the land. 

Generally speaking, a study of the field along with a few random shots will 
indicate the high point. Fields having a low gradient and fields of 
undulating topography may require a topographic survey to make this 
determination. 

In many cases, test wells indicate conditions are not favorable for 
obtaining a satisfactory well at the most desirable point on the area 
under consideration. It is then necessary to spot the next best location 
and proceed with more test wells. 
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2. IRRIGATION WELLS AND PUMPS (OONT«D) 


Test Holes and Logs 

The construction of an irrigation well is an expensive item, making up 
approximately one-half of the total cost of a pump installation. It is 
important, therefore, to make studies to assure an adequate water supply 
exists before construction is started. It is difficult to make a complete 
geological analysis as practically all of the water-bearing formations in 
this region are alluvial and thus may not follow a regular pattern. A 
study of existing wells will give valuable information. The United States 
Geological Survey has ground water reports which are available for many 
areas. 

A test hole at the exact site of the proposed irrigation well will give 
the best information concerning the availability of water-bearing sand and 
gravel. Test holes vary in size with localities but usually range from 
U to 6 inches in diameter. An accurate log should be gathered from the 
test hole, showing the size of the hole, the method used in putting the hole 
down, the depth at which each formation was encountered, the thickness, the 
geological name (if any), color and description of each different material, 
including a sieve analysis of those formations classed as aquifers, A 
sieve analysis is particularly important in medium to fine formations or 
larger graded formations if artificial gravel packing is contemplated. The 
log should show the depth to static water, measured after the water level 
has stabilized. The log having the best gradation of particles within the 
water-bearing formation in relation to depth of saturation, etc., will 
indicate the most desired location for the well from the standpoint of yield. 
Individuals familiar with conditions in the area can make a reliable 
estimate of the probable yield from a study of the log of the well and the 
geology of the area. For example, a water-bearing formation may yield 20 
gallons per foot of drawdown in one area and as much as 100 gallons in 
another area. Test holes drilled prior to well construction will save many 
dollars of expense in practically every instance. This is particularly 
true in any shallow well area, as such wells usually derive their water from 
subsurface strata that cannot be well defined from surface investigations. 

Types of Construction 

There are two general types of well construction; one is used for the 
development of a well in the natural formation, the other is used for the 
development of a well through the use of a gravel treatment (gravel pack). 

The type used should be dependent upon an analysis of the water-bearing 
formation. 

In the construction of a well to be developed from the natural formation, 
the hole is drilled just enough larger than the screen and casing to allow 
their insertion into the well. The hole usually is sunk with a sand bucket, 
bailer, or some type of reamer or undercutting tool that will allow placement 
of the screen and casing to be concurrent with drilling. However, if 
rotary-hydraulic equipment is used, the screen and casing are set after the 
hple is completed. 


2. IRRIGATION WELLS AND PUMPS (CONT'D) 
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Types of Construction (cont»d) 

The construction of a well to be gravel-packed is different in that 
some provision must be made for placement of a gravel envelope around the 
screen. Several methods have been employed to accomplish this but probably 
the one most extensively used, particularly in this region, is the practice 
of drilling the hole at a diameter twelve or more inches greater than the 
diameter of the screen, placing the screen and casing, and then filling the 
area between the screen and the wall of the hole with a gravel treatment. 
Rotary-hydraulic equipment is popular for this type of construction. 

The composition of the water-bearing formation may be such that the 
method of construction is apparent simply from observation. For the purpose 
of a guide, however, E, W. Bennison, editor of "Johnson National Drillers* 
Journal", and author of "Ground Water, Its Development, Use and 
Conservation", suggests the following: 

"Generally speaking, we would say formations whose effective size 
(Hazen) is more than 0.010" and whose uniformity coefficient was 
more than 2.0 do not require treatment (although proper treatment 
would not be harmful)". 

From studies which have been made at Colorado A & M College and other 
locations, the following conclusions have been made: 

Cl) The filter should have a minimum thickness of 3 inches and 
a maximum of 12 inches. 

(2) The gravel pack should be selected so that the filter pack - 
aquifer ratio (ratio of average or 50$ sizes) is between 5 
and 8. The lower limit is 5 in order to minimize the head 
losses and the upper limit, 8, to prevent excessive sand 
movement. 

(3) The uniformity coefficient of the gravel should not exceed 

2 . 0 . 

The effective size of a formation is the grain size at which 10$ of 
the particles are finer and 90$ are coarser than the effective size. 
Uniformity coefficient is the ratio of the diameter of a particle that 
has hOfo, by weight, of the sample coarser than itself to the diameter of 
a particle that has 90$, by weight, of the sample coarser than itself. 
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Types of Construction (cont’d) 


Ordinary grade sizes are: 


Inches 


Coarse gravel - 
Medium gravel - 
Fine gravel 
Coarse sand 
Medium sand 
Fine sand 
Very fine sand- 
Silt, clay 


average diameter 
average diameter 
average diameter 
average diameter 
average diameter 
average diameter 
average diameter 
average diameter 


0.1375 and up 
0.080 - 0.1875 
0.01*0 - 0.080 
0.020 - o.oUo 
0.010 - 0.020 
o.ooU - 0.010 

0.002 - O.OOU 
Up to - 0.002 


Millimeters 
U.75 and up 

2.00 - U.75 
1.00 - 2.00 
o. 5 o - l.oo 
0.25 - 0.50 
0.10 - 0.25 
o.o 5 - o.io 
Up to- 0.05 


For the natural development of a well, a screen is used with a slot 
opening of a size that will let all the fine particles possible enter the 
well without causing settling of the formation around it. In some 
formations, it is possible to remove as much as 80$, by weight, of the 
particles next to the screen. 


In the development of a gravel-packed well, the grading of the gravel 
treatment is a function of the effective size of the natural formation. If 
the effective size of the gravel treatment is too large it may not bridge, 
and if it is too small it may even be detrimental to the point of decreasing 
the yield of the well. The relationship between the size of particles in 
the gravel treatment and those in the natural formation is expressed in 
terms of the uniformity coefficient, keeping that of the gravel treatment 
at 2.0 (or slightly less) times that of the natural formation. Selection of 
a screen for a gravel-packed well is dependent, therefore, upon the size of 
particles in the gravel treatment which, in turn, is dependent upon the 
size of particles in the natural formation. For this type of well a screen 
is used with a slot opening of a size that will keep out 85$ to 90$ of the 
gravel treatment. 


Certain states have developed and published minimum standards for 
artificially gravel-packed irrigation wells. 

Construction Methods 


The three methods of constructing irrigation wells most commonly used 
in this region are the sand bucket method, the hydraulic-rotary method, and 
the reverse hydraulic-rotary method. Other methods will not be discussed in 
this handbook. A discussion of approved methods of well construction is 
contained in United States Department of Agriculture Circular No. 51*6, 
entitled "Putting Down and Developing Wells for Irrigation". 

Sand Bucket or "Standard" Method . When the water-bearing formations are 
at a shallow 1 depth and are not covered by a deep layer of consolidated 
material or interspersed by layers of clay, boulders, or rocks, the use of 
some type of bailer is an effective method of putting down irrigation wells. 
This method is not generally adapted to wells exceeding a depth of 80 feet. 
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Construction Methods (cont'd) 

Sand Bucket or "Standard" Method (cont'd) 

When this method is used, an open pit is dug by hand or bored with an earth 
auger down to the water level or to sand, in case it is encountered before 
the water table is reached. A blind casing is then installed and the well 
is put down by removing the material from the hole by means of a bailer 
operated by a portable well drilling rig, an engine-driven hoist, and 
derrick. The blind casing is driven at the same rate the excavation proceeds. 
Since it is very difficult to pull casing for more than 20 feet, the well 
driller starts with a larger casing and goes down 20 feet or so and then 
starts out with a new string of casing inside the first for another 20 feet. 
This process is continued until the desired depth is reached. The casing 
is forced down by levers or by weights placed in special boxes hung around 
the casing. The well casing then is placed in the center of the well. 

If the well is to be gravel packed, the selected material is shoveled 
into the space between the blind casing and the well casing. As the gravel 
pack is placed, the blind casing is gradually lifted and removed from the 
well. At no time does the well driller lift the blind casing higher than 
the aggregate that is being placed in the well. 

Hydraulic-Rotary Method . The hydraulic-rotary method is adapted to 
drilling both deep and shallow irrigation wells. It is an effective method 
where layers of clay are encountered, which frequently cause considerable 
delay when using a bailer. This method is one of the fastest used in 
drilling wells. Wells drilled by this process are put down by means of a 
rotating bit through which a mixture of clay and water is forced at high 
pressure. The bit is attached to a hollow drill stem through which the clay 
and water mixture is pumped. The material in the hole is loosened by the 
rotation of the bit, and the loosened material is carried to the surface by 
the upward flow of water and clay. Some of the clay in the mixture is 
deposited on the side of the hole, and the constant rubbing of the drill 
bit forms a substantial clay lining. No casing is used ordinarily while 
drilling the hole, the clay lining forming a wall sufficiently strong to 
keep the walls from caving. Wells of several hundred feet may be drilled 
by this method. The drills used in this method vary with the well drillers, 
each having his preference. 

The shank is hollow and has an orifice on each side from which water 
emerges under pressure. The bit is attached to a drill stem consisting of 
a heavy pipe which is turned by means of a rotating table through which 
the drill stem can slide as the hole deepens. The drill stem is connected 
by a hose to a pressure pump which forces the mixture of mud and water into 
the drill stem and down to the bottom of the well where it picks up loosened 
materials and rises to the surface. The mixture of clay, water and 
drillings are run into a sump through a channel long enough to permit the 
sand and chips in the drillings to be deposited before they reach the sump. 
From the sump the mixture of clay and water is taken into the force pump 
again to be forced into the drill stem and to the bottom of the well to 
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Construction Methods (contM) 


Hydraulic-Rotary Method (contM) 

pick up more loosened materials. This process is continued until the hole 
is drilled to the desired depth. The drill is then withdrawn and the casing, 
including the screen, is lowered into the hole and centered. The space 
between the casing and the wall of the well is then filled with the gravel- 
pack. As soon as possible after the well is completed, it should be 
developed in order to remove any clay remaining in the gravel or sand before 
it has a chance to settle and seal the pores in the materials surrounding 
the perforated casing. 

Reverse Hydraulic-Rotary Method. The reverse hydraulic-rotary method 
differs from the hydraulic-rotary method previously described in that the 
material loosened by the bit is removed from the well through the drill stem. 
The drill stem is made of large-diameter pipe and is connected to the suction 
inlet of a horizontal centrifugal pump by means of a swivel and hose. The 
water, with its load of material from the bottom of the well, is discharged 
into a pit. After it has deposited its load in this pit, the water is run 
back into the well. The well is kept filled with water to reduce the suction 
lift and to keep the sides of the hole from caving. Clay is sometimes added 
to the water to strengthen the sides. The equipment for rotating the bit is 
similar to that used in hydraulic-rotary rigs. This method is most effective 
in sandy formations not containing large rocks which might clog the pump. 

If a large rock is encountered which cannot be forced aside or carried upward 
by the velocity of the water in the drill stem, it must be removed by an 
orange-peel or similar type of bucket. Layers of clay are penetrated without 
difficulty. Wells 50 inches in diameter and over 200 feet deep can be 
drilled by this method. Some rigs, through the additional use of compressed 
air, are equipped to drill wells to depths as great as 500 feet. No casing 
is used. Because of the danger of caving, drilling is carried on 
continuously after it is started. One or two days usually is enough to 
drill a well unless unforeseen difficulties are encountered. 

As soon as the drilling is completed, the casing is set in the hole and 
the gravel placed in the same manner as described before. 

Well Screens 

The most efficient type of screen is one made up of rings that are 
cone-shaped in cross section with the base of the cone to the outside and 
held in place by vertical members inside the screen. This gives a 
continuous slot entrance for the full circumference of the screen and 
provides for the maximum total entrance area and the least friction. The 
width of the slot opening is controlled by the spacing of the rings. Openings 
are measured in thousandths of an inch in width with standard openings equal 
to sand and gravel grade sizes shown in the previous table. This type of 
screen is patented and generally is considered expensive for irrigation wells. 
Although high in first cost, under certain conditions this type of screen 
may be very economical in the long run because of reduced operating costs. 
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Well Screens (cont’d) 


Any type of flat hole, regardless of shape, offers the greatest 
possibility of clogging, therefore, a screen made up by perforating casing 
(sheet metal) is not desirable unless the perforations are of the chisel 
type. Chisel type perforations may be of several forms but all provide for 
a slot with minimum width of opening to the outside in an effort to reduce 
clogging. The only limitation to this type of screen is the size and 
spacing of the opening. Slots too wide, too long, too closely spaced, or 
improperly made, may weaken the casing to the point where it will collapse, 
particularly if the well is surged to the point necessary for proper 
development. Certain manufacturers emboss the perforated opening for added 
Strength and guarantee their product to be stronger than it was prior to 
perforation. In requesting a screen of this type, it should be specified 
that the screen have a strength equal to that of the other casing used in 
the well. (See Figure 11.1.) The spacing, length and width of perforated 
openings are given in inches and fractions of an inch. 

Perforated casing sometimes is covered with fine screen for use in 
irrigation wells constructed in fine sand. The casing is perforated by 
drilling 5/8-inch diameter holes which are covered with a 12- or lii-mesh 
brass screen. The brass screen is protected by a sheath of l/h-inch mesh 
galvanized iron hardware cloth. This type of casing is expensive but it 
is effective in keeping out fine sand. 

Another type of casing sometimes used consists of plain or reinforced 
concrete rings. The rings are connected by tongue-and-groove joints or 
have vertical holes through which rods or cables are strung to hold the 
casing together. Tie plates, extended across the joints and bolted to the 
adjoining sections, are sometimes used to hold the sections together. The 
thickness of the walls of the rings is from 2 to 3 inches. Concrete casing 
and wall screen should meet the standards set up in ASTM Designation C76-56. 
The perforations in concrete casing are in the form of slots cast in the 
rings by inserting wood or metal wedges which are subsequently removed. The 
slots are placed vertically or horizontally and are tapered toward the out¬ 
side of the casing. Perforated concrete casings may be used when they 
provide an adequate percentage of open area and the slot size is in proper 
relation to the particle size of the filter material. 

From studies made at Colorado A & M College and elsewhere, the following 
conclusions have been made on screens: 

(1) The well screen should have a slot size so that at least 
1S% of the filter material is larger than the opening. 

(2) The screen should have at least lS% to 20$ of open area 
if head losses are to be held to a minimum. 
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Well Screens (cont'd) 

The length of perforated casing used in the well will depend upon the 
thickness and location of the water-bearing sand and gravel. Blank casing 
can be installed between perforated sections when it is known that there is 
a non-producing layer between two layers of gravel or sand. The perforated 
casing should not extend above the water level in the well when pumping at 
the rated capacity. 

Unless the bottom of the well is on bedrock, the bottom of the casing 
should be plugged with steel or concrete. Many drillers weld a plate on 
the end of the casing before lowering it in the well. Other drillers pour 
a concrete plug after the casing is in place. The well casing should be 
placed in the center of the drilled hole so that the gravel pack is uniform 
in thickness around the casing. Some drillers weld light bars on three 
sides of the casing so proper spacing is simplified. Spacers of some kind 
are essential. 

Well Casing 


Several different types of casings are used in irrigation wells. Of 
these, the bolted casing composed of rolled sheets of either black or 
galvanized iron is in common use. The vertical joints in the sections are 
lap-riveted or butt-welded. The sections are usually made in 2- to 12-foot 
lengths and of any standard diameter up to 1*8 inches. The thickness of the 
material depends on depth of the well and the diameter of the casing. The 
table below shows minimum gages recommended. 


Depth 

of 

Well 

. THICKNESS FOR DIAMETER OF WELL CASING OF: 


lU-Inch 

16-Inch 

18-Inch 

20-Inch 

2lt-Inch 

20 

16 gage 

16 gage 

16 gage 

lit gage 

lit gage 

Uo 

16 gage 

lit gage 

lit gage 

lit gage 

lit gage 

60 

lit gage 

lit gage 

lit gage 

lit gage 

12 gage 

80 

lit gage 

lit gage 

12 gage 

12 gage 

10 gage 

100 

lit gage 

12 gage 

12 gage 

10 gage 

10 gage 

120 

12 gage 

12 gage 

12 gage 

10 gage 

10 gage 

lUo 

12 gage 

12 gage 

10 gage 

10 gage 

8 gage 

160 

12 gage 

10 gage 

10 gage 

8 gage 

8 gage 

180 

10 gage 

10 gage 

10 gage 

8 gage 

8 gage 

200 

10 gage 

10 gage 

8 gage 

8 gage 

8 gage 

£00 

8 gage 

8 gage 

8 gage 

8 gage 

8 gage 


This type of casing is comparatively cheap and is easy to install. 
Galvanized and asphalt-coated casing will last longer than black casing. 

In certain localities where soil or the water contains corrosive elements, 
asphalt-treated casing will outlast the galvanized casing. 


Figure 11,1 
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Development 

The actual development of a well from a natural formation is the same 
as for a well that is gravel-packed except that in the latter it is 
necessary to provide for the addition of the gravel treatment during 
development. The purpose of development is to increase and enlarge the 
voids around and out from the well screfen which, in turn, will decrease the 
friction to water flow through the formation, lower the hydraulic gradient 
and decrease the subsequent drawdown. This is accomplished by the removal 

fine particles from the formation. Development is a very important step 
in construction of a well and should be carefully and positively done. 

Development by the use of surge plungers is the most violent method 
used, and if properly handled will give the most complete job and will 
improve almost any well. The plunger is made in the form of a wooden 
cylinder only slightly smaller than the inside diameter of the well casing 
and attached to a drill stem or length of pipe to provide weight. It is 
operated up and down inside the casing and acts in the manner of a pump 
piston. The longest stroke possible is used, keeping the plunger well 
submerged at the top of the stroke, and allowing it to lower to the top of 
the screen at the bottom of the stroke. The weight of the plunger and stem 
provides energy for the downward movement and it is raised by power from the 
drill rig. The downstroke of the plunger forces water from the well into 
the formation and has a tendency to free or loosen up fine particles which 
are then pulled into the well by the water coming in on the upstroke. It 
is necessary to periodically clean the well of sand during surging operations 
in order to obtain the maximum effect throughout the length of the screen. 

The necessity for mild action at the beginning of surging cannot be over¬ 
emphasized. Violent action at this stage will cause the particles of the 
formation to bridge across in such a manner that they may become wedged or 
"locked” so tightly that the flow into the formation from the well on the 
downstroke will not free them. When this happens, they block the movement 
of particles toward and into the well and further development is useless. 

Such action may actually be injurious rather than beneficial to the 
development. It probably is because of a lack of understanding of this 
that some drillers have failed to attain proper development by the surge 
method which caused them to be opposed to it. As stated before, proper 
surging, beginning with mild action increasing in violence only as the 
amount of sand entering the casing decreases, will help almost any well. 

In fact, in some small diameter wells surging has been known to increase 
yields as much as 300 percent. 

Another, and probably the most common method of development used in 
this state, is known as "backwashing" or "rawhiding". This is a method 
of pumping; the pump being started slowly and gradually brought up to the 
maximum yield of the well, then stopped, allowing the water in the pump 
column to rush back into the well and then into the formation. The process 
is repeated until no more sand comes into the well while being pumped. 
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Development (cont'd) 

The method causes a maximum difference in pressure head and results in what 
might be compared to rather mild surging. There are several variations of 
this method, differing only as to when the pump is started or stopped. As 
an example, some drillers, after gradually bringing the pumping up to the 
maximum yield of the well and stopping as explained above, start the pump 
again but shut it off as soon as water reaches the discharge, repeating on 
this basis which will give them less difference in head and consequently 
less violent action at the well end. It should be noted that pumping always 
starts slow and is gradually increased to the maximum. This is because 
sudden hard pumping might cause the pump to become locked by the sudden 
influx of sand. 

The driller should always be required to furnish the pump for this type 
of development as there is an excessive amount of wear on it due to sand in 
the water. Use of a new pump with the intent of delivering it to the farmer 
as part of the installation would be the same, in effect, as delivering a 
pump already having several years wear. Further, the chance of the new 
pump being one that- properly fitted the requirements would be very small. 

Some of the most common faults in well construction ares failure to 
analyze the formation to determine the proper type of construction; lack 
of attention to gradation of the gravel treatment if the well is to be 
gravel-packed; improper placement of the gravel pack so that a layering 
effect of coarse and fine material results; improper type and size of 
screen opening; improper centering of the screen so that it is in contact 
with the foundation at some point; and use of the wrong method of 
development. Each of the above are seldom, if ever, overlooked by any 
one driller but failure to consider any one of them may materially reduce 
the yield of the well. 

The importance of proper construction and development may be illustrated 
by the fact that a reduction of five feet in drawdown for a well producing 
200 acre feet per year will, over its estimated life period, save several 
thousands of dollars in operating costs. 

Well Testing 

After the well has been developed, it is necessary to conduct a 
thorough test to determine the economical yield of the well, the type and 
size of pump and the required horse power. Yields of nearby wells can 
be used only for purposes of estimation and not for the final selection 
of a pump. If possible, the depth to water in nearby unpumped wells 
should be measured at frequent intervals during the test to determine 
interference, if any. 
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Well Testing (contM) 


In many cases, the pump used for developing the well is used to make 
a test of the well. After development, the static water level is measured 
by the wetted tape method, air line, or electric sounder, depending upon 
the equipment available. The static water level is the normal elevation 
of the ground water and is measured in feet from the surface of the ground 
or top of casing. 

The well is pumped at a maximum rate, or at a capacity equal to or 
greater than the maximum future needs, until the drawdown and discharge 
remain constant. The yield in gallons per minute and the depth to the 
water surface are measured under these conditions. The pumping rate is 
then reduced by steps and readings taken as before. From these data, a 
curve (Figure 11.2) is plotted showing the relationship between drawdown 
and yield in gallons per minute. The drawdown in feet is obtained by 
subtracting the elevation of the static water level from the elevation 
of the water level during each test that is run. The yield per foot of 
drawdown will equal the discharge in gallons per minute divided by the 
drawdown for each test point utilized. 

The pump usually is designed for the maxinum rate per foot of drawdown. 

The discharge of the pump can be measured by a weir, Parshall measuring 
flume, orifice plate or other suitable device. All of these methods are 
described In bulletins. The orifice plate is a simple means of measuring 
yield as it is screwed or clamped in the end of the discharge pipe. 

However, unless standard plates are used for which discharge tables have 
been prepared, they must be calibrated with some standard measuring device. 
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Pumping Plant 

Selection of Pump. The first step in the selection of a pump for a 
well is made after the well testing has been completed and consists of a 
thorough analysis of the resources of the project. The required capacity 
of the pump will depend upon a number of factors, the most important of 
which are listed below: 

(1) Yield of well. 

(2) The acreage suitable for irrigation from the standpoint of 
topography, soils, etc. 

(3) The soil types, with particular attention to depth and texture 
as related to water-holding capacity. 

(U) The crops to be grown, their root depth, rates of transpiration, 
etc. 

(5) The possibility for diversification of crops (crops demanding 
water at different seasons provide for the highest total 
irrigable acreage). 

Items 1 and 2 determine the maximum limits of development. Consider¬ 
ation of Items 3, li, and 5>, determine the amount of water needed per 
irrigation for each crop to be grown and the frequency of irrigation to 
be provided for. For example, in some parts of the region, corn growing 
under adverse weather conditions may transpire as much as 1/2 inch of 
water per acre per day. Under such conditions, this plant, which 
obtains approximately 90 % of its water requirement from the first three 
feet of soil depth, will exhaust the readily available moisture from a 
silt loam soil (i; inches of water for a 3 foot depth) in eight days. 
Therefore, to avoid the possibility of the crop being damaged, the acreage 
of corn should be limited to an amount that can be covered with a li inch 
irrigation in eight days. This critical period of adverse weather 
condition generally occurs about the same time of year each year. Planning 
diversified crops that will allow for most of the water being used for 
the irrigation of corn during this period will allow for the largest corn 
acreage. 

The ultimate planning is to provide for the greatest coverage in acres 
or crops with the smallest head of water possible commensurate with an 
adequate head for operation. This provides for a minimum lift requirement 
in the pump, the least expenditure in initial cost and, since operating 
cost is directly proportional to the lift, it provides for the least 
operation cost. 
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Pumping Plant (contM) 

The deep-well turbine, horizontal centrifugal, and vertical centrifugal 
pumps represent the three types commonly used to supply water to small 
irrigation systems. The deei>-well turbine pump is best adapted to use in 
wells because it operates successfully under any head. The horizontal 
centrifugal pump is limited in use by the suction lift, which should not be 
greater than 1 $ feet at sea level. Vertical centrifugal pumps are not 
widely used, due to operating difficulties encountered in lubricating and 
maintaining the vertical shaft. 

Horizontal centrifugal pumps usually represent the best type of 
installation under conditions that permit their effective operation, as 
the unit has the lowest first cost and is readily accessible for inspection 
and maintenance. Although the horizontal centrifugal pump is cheaper and 
has a longer life than a deep-well turbine, the latter type often is chosen 
for well installations even where the water level at maximum drawdown is 
within the limits required by a centrifugal pump, because it does not 
require priming nor is a pit necessary in which to install it. They may 
be easily connected to any type of motive power. They must be placed at 
a location where the suction lift does not exceed the maximum under which 
the pump will operate. In order to keep the suction lift within reasonable 
limits, it may be necessary to install the pump in a pit. Under ordinary 
conditions, it is not feasible to construct a water-tight pit to a depth 
greater than from 10 to 15 feet. Thus, the use of horizontal centrifugal 
pumps is limited in pumping from wells. 

A vertical centrifugal pump has a horizontal impeller connected to a 
vertical shaft, thus the pump may be lowered to the depth required to 
pump water and the shaft extended to the surface where power may be 
applied through a one-fourth twist belt or a 90-degree gear drive. Vertical 
centrifugal pumps may be submerged or esq^osed. The exposed type is set in 
a water-tight sump at an elevation that will accommodate the suction lift. 
The shaft is extended to the surface where the motive power is applied. 

The main advantage of this type over the horizontal pump is that the sump 
can be made smaller and less inaccessible as the power is placed at the 
surface. It does not have much adaptation in pump irrigation installations. 
The submerged pump is constructed so that the impeller and suction entrance 
is under water at all times. It does not require priming but entails 
rather high maintenance costs as it is not possible to give the shaft 
bearings the best attention. It is set directly in the well, which is. 
built to a large enough diameter to accommodate the pump. Pumps of this 
type are adapted to a maximum pumping head of about 50 feet. 

Deep-well turbine pumps are similar to vertical centrifugal pumps, 
but have many inherent advantages. The impellers or runners are encased 
in shells or bowls, the number of which depends on stages required to 
lift the water. The vertical shaft is placed inside the discharge column 
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Pumping Plant (cont*d) 

and provision made for proper bearing lubrication. The pump is compact 
and adaptable to insertion in cased wells varying in size from 8 inches 
in diameter up. It has the advantage over the vertical centrifugal in 
that the bearing and shaft arrangement is constructed to give more 
dependable operation, the pump is adaptable to most any reasonable^pumping 
head, handles large volumes at high lifts, and while more costly, is 
constructed to give the maximum of service and efficiency over a period 
of years. It is especially adaptable to lifts from 50 to 250 feet. One 
disadvantage is that the pump must be withdrawn from the well to permit 
repair. 

Centrifugal Pump. A centrifugal pump must be primed before it will 
pump” One of the simplest means of accomplishing this is to install a 
check valve at the bottom of the suction pipe. The pump casing and suction 
pipe then can be filled with water from an overhead tank by opening a hand 
valve. Another method commonly used in the field is to install a gate or 
check valve in the discharge pipe just above the pump and provide a hand 
pump to exhaust the air from the pump casing and the suction pipe. 

Exclusion of air causes water to rise and fill the suction pipe and pump. 
Whenever a foot valve is used on a pump, a check valve should be installed 
in the discharge line immediately ahead of the pump if the discharge 
static head is greater than U0 feet. The check valve prevents the water 
hammer from breaking the pump shell in the event the pump suddenly stops. 

Some type of expansion sleeve should be installed in discharge lines 
of 50 or more feet to provide for the expansion or contraction. If cool 
water was to be pumped out of a creek and discharged through a pipe 
securely anchored on the side of a hill, the differences in temperature 
might cause enough contraction to break the pipe or the pump casing. 

The bhp - brake horsepower - required at the shaft of a centrifugal 
pump under a range of heads is given in the following table: 


CAPACITY AND HORSEPOWER REQUIRED FOR CENTRIFUGAL PUMPS 


Size 

Pump 

Capaci¬ 

ty 

gpm 

Actual hp For Pump on Lifts 

10 » 

20 * 

30 » 

ao* 

50« 

60 * 

70* 

80 * 

90* 

100 * 

2 

100 

0.6 

1.2 

1.8 

2 .a 

3.0 

3.6 

a .2 

a .8 

5.a 

6.0 

2{ 

150 

0.8 

1.6 

2 .a 

3.2 

a.o 

a .8 

5.6 

6 .a 

7.2 

8.2 

3 

225 

1.1 

2.2 

3.3 

a.a 

5.5 

6.6 

7.7 

8.8 

9.9 

11.0 

3 i 

300 

l.U 

2.8 

a .2 

5.6 

7.0 

8 .a 

9.8 

11.2 

12.6 

ia.o 

a 

aoo 

1.7 

3,a 

5.1 

6.8 

8 .? 

10.2 

11.9 

13.6 

lg-3 

17.0 

i 

700 

2.8 

i.i 

8 .a 

11.2 

ia.o 

16.8 

19.6 

22 . a 

25.2 

28.0 

6 

900 

3.U 

6.8 

10.2 

13.6 

17.0 

20 . a 

23.8 

27.2 

30.6 

3a. 0 

7 

1200 

u.a 

8.8 

13.2 

17.6 

22,0 

26 . a 

30.8 

35.2 

39.6 

aa.o 

8 

1600 

5.7 

ii.a 

17.1 

22.8 

28.5 

3U.2 

39.9 

a5.6 

51.3 

57.0 


Figure 11.3 
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Pumping Plant (contM) 


Centrifugal Pump (cont’d) 


The efficiencies used in the above table range from ItO to percent 
for the small pumps to 70 to 7h percent maximum on the largest pump. 

Some pumps will operate with bowl efficiencies as high as 8 I 1 percent. 

The following example illustrates a method of computing total pumping 
lift for centrifugal pump installation: 



Given: 


1. Discharge capacity of pump. 1000 gpm 

2. Suction lift. .. 5 feet 

3. Discharge lift. 15 feet 

I 4 . Length of suction pipe. . . .. 20 feet 

5. Length of discharge pipe. 80 feet 

6 . Medium sweep elbow at A. 

7. Standard sweep elbow at B. 


8 , Foot valve at end of suction line, 

9. Check valve on discharge line. 

The total pimping head is the sun of the suction lift, the discharge 
lift, and the friction head in the pipe and fitting. 

The total length of suction and discharge pipe is 100 feet. The 
friction loss is computed from tables in Part 16. 
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Pumping Plant (cont f d) 

Centrifugal Pump (cont'd) 

An examination of these tables shows the loss of head due to friction 
to be 12. Oh feet per 100 feet for a 6-inch pipe, and for an 8-inch pipe to 
be 2.98 feet per 100 feet. The friction head of a 6-inch pipe is too 
great to permit efficient operation. The 8-inch pipe is considered best 
for this installation. 

The friction head for 100 feet of 8-inch diameter pipe is 2.98 feet. 

The friction loss in fittings is obtained from tables in Part 16, and 
is given in terms of equivalent lengths of pipe. 

The loss in the medium sweep elbow is equivalent to 17 feet of 8-inch 
diameter pipe. 


The loss in the standard sweep elbow is equivalent to 21 feet of 
8-inch diameter pipe. 

The loss in the foot valve is equivalent to U5 feet of 8-inch diameter 
pipe.* 

The loss in the check valve is equivalent to U5 feet of 8-inch 
diameter pipe.* 


Total loss in length of pipe is 128 feet. 
The total friction head in the fitting is 


128 x 2.9b 
100 


The total friction head in the pipe and 

fittings is 2.98 + 3.8l 

The total pumping head is 20+6,79 


“ 3.81 feet. 

° 6.79 feet. 
* 26.79 feet. 


Turbine Pump . The performance of a deep-well turbine pump depends 
upon the diameter and the design of the impeller, and the speed at which 
it rotates. According to the fundamental laws of physics, the capacity 
of the pump will vary directly as the speed; the pressure head will vary 
as the square of the speed; and the power required will vary as the cube 
of the speed. 


■*Equivalent to 10 times gate valve fully open. 
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Pumping Plant (cont'd) 


Turbine Pump (cont^d) 


The efficiency of a deep-well turbine pump operating at a constant 
speed varies with the capacity and lift. A typical characteristic curve 
for a single speed is shown in Figure 11.5. The form of such curves can 
be varied by the design of the impeller. The efficiency in this figure 
is fairly well maintained over a considerable range of discharge and 
pumping heads. The discharge delivered by such a pump, operating at 
constant speed, increases as the lift decreases. The brake horsepower 
increases somewhat with the increase in discharge as the changes in 
efficiency and lift are not sufficient to counterbalance the change in 
discharge. The impeller may be designed so that the discharge does not 
increase so rapidly with reductions in lift and thus an increase in the 
brake horsepower required at lower lifts may be avoided. This is an 
advantage where electric motors are used, as overloading and overheating 
are avoided. Impellers may also be designed with a higher efficiency over 
a narrower range of discharges, with more rapid decreases in efficiencies 
under both larger and smaller heads. For general irrigation use in this 
region from wells where fluctuations in lift frequently occur, impellers 
with flatter efficiency curves will usually give higher average efficiencies 
for all season operation. 



TYPICAL CHARACTERISTIC CURVES FOR 
DEEP WELL TURBINE PUMP OPERATING 
AT A CONSTANT SPEED 

Figure 11.5 
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2. IRRIGATION WELLS AND PUMPS (CONT'D) 


Pumping Plant (cont'd) 

Turbine Pump (cont'd) 

Pumps are obtainable that will operate at 8($ field efficiency and 
one should be specified that will at least approach this figure. Dealers 
should be required to furnish guaranteed field performance curves on the 
pump they are offering for the job. 

It is important that seasonal fluctuations in water table be carefully 
determined by studies of adjoining wells to determine the maximum 
drawdown. The bowls of a turbine pump should be placed below the 
drawdown point. Although a pump is capable of drawing the water below the 
bowls by drawing on the suction, it is better to have the suction lift in 
reserve against a possible future lowering of the water table. 

In locations where fluctuations are apt to occur, and it is important 
that a constant discharge be maintained over the anticipated pumping 
range, a power unit with variable speed must be used. The discharge will 
vary with the lift. 

Some drillers like to set the pump discharge pipe high so that grading 
around the well will keep out all surface water. Instead of this, some 
means of sealing off surface water should be provided to allow the 
discharge pipe to be set.low. A low discharge pipe will greatly facilitate 
the dissipation of energy in the pump stilling box, and also reduce the 
pumping lift. 

A typical characteristic curve for a variable-speed, constant-discharge 
pumping plant is shown in Figure 11.6. This type of installation requires 
a power unit of sufficient size to deliver the specified quantity of water 
at a maximum pumping head without overloading. This may mean that the 
required horsepower for maximum lift may be considerably higher than that 
required for the initial pumping head. 

The deep-well turbine pump as constructed today is fairly well 
standardized, both as to materials used and general assemblage. Units 
offered by the various competing manufacturers generally conform with the 
pump standards set forth by the Hydraulic Institute. Probably the greatest 
difference between the manufactured units is in the method of lubrication. 
Some companies offer oil-lubricated pumps, others offer water-lubricated, 
and some offer both. Both types have been operating successfully for 
several years. Unless local conditions warrant exclusion of one of these 
types, the specifications should be so written as to allow bidding on both 
types. Wells producing fine sand should be equipped with an oil 
lubricated pump. Water for domestic use must be free of oil and since 
oil-lubricated pumps waste some oil into the water, it is important that 
water-lubricated pumps be used. Each manufacturer has developed a series 
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PUMP SPEED - R.P.M. 


HEADS AT WHICH A TYPICAL 10" TURBINE 
PUMP WILL DELIVER 500 G.P.M. TOGETHER 
WITH RELATED FACTORS OF PUMP 


Figure 11.6 



Turbine Pump (contM) 

of pump bowls through laboratory tests that have definite characteristics. 
The endeavor is made to develop a series such that these bowls may be 
used singly or, more commonly, in a series to meet any combination of 
head and discharge that may be specified with a reasonably high efficiency. 
Bidding generally is quite close betxjeen the various companies. Possibly 
the biggest difference between some bids lies in efficiencies guaranteed 
over the range of pumping heads and discharges specified. Quite often one 
manufacturer may be able to meet a specified range of discharge and lift 
with a set of bowls at the peak of their performance curve while another 
manufacturer may have to utilize a set of bowls that are operating to one 
side or the other of their best performance to meet the well conditions 
specified. A special application of a deep well turbine with submersible 
motor is shown in Figure 11.7. 
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Certain conditions call for a turbine pump with a 
direct-connected motor placed below the impeller. As 
may be seen from the sketch , the motor is submerged 
and is of small diameter so it can be placed in any 
casing which the pump bowls will enter. 

The motor is enclosed in a steel case filled with 
a light oil of high dielectric strength. A mercury 
sea! directly above the armature prevents oil leakage 
or water entrance at the point where the drive shaft 
passes through the case to the impel fers. 

Hydrostatic pressures on each side of the oil bath 
surrounding the motor are kept in balance by the 
balance tube which connects the water above the 
mercury seal to the balance chamber below the oil at 
the bottom of the motor case. The motor is cooled by 
contact of we!I water with the sealed outer casing. 

The long armature of small diameter results in 
characteristics which are well adapted to deep-well 
turbine operation. A watertight conduit houses the 
electric cables leading from the motor to the 
starting box on the ground surface. 

This type of pump is well adapted to meet the 
fo f lowing condi t ions: 

/. Installation in a well which has a crooked 
bore and in which the ordinary deep-we 11 
turbine might not operate. The pump column 
of the conventional turbine must be 
perfectly straight or the shaft will 
crystallize and rupture. 

2. Installation near a stream which is subject 
to severe flooding. Since this pump has no 
above-grouna working parts , the well can be 
seated , while the starting box , meter , and 
transformers can be placed above high-water 
level on a pole. 

3. Inst a! I at ion on public grounds where an 
above-ground pump house or machinery would 
be unsightly. 


THE DEEP-WELL TURBINE 
WITH SUBMERSIBLE MOTOR 


Figure 11.7 
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Pumping Plant (con^d) 
Turbine Pump (con^d) 


The selection of the proper sizes of pump column and shaft, type and 
number of bowls, spacing of bearings and spiders, etc., and the matching 
of the various units of the pump to meet all well conditions, has defied 
all attempts at simplification and standardization. Most companies 
offering deep-well turbine pumps in competition have built up their own 
data from which the various parts of the turbine pump are selected and 
matched to meet a specific condition. These data are both voluminous 
and fairly complicated. 

To specify limiting sizes of pump column and shafting, materials used, 
etc., may result in pump installation that is more costly, and in some 
cases, less efficient than could be obtained if the matching of the pump 
assemblage is left to the bidder. If guaranteed efficiencies and complete 
description of the unit as bid is specified, it is felt that sufficient 
data will be obtained from which a proper comparison can be made. 

The water level measuring device may be eliminated if local conditions 
warrant it. However, in general it is felt that this addition is 
justified because the operator is thus able to keep informed of ground 
water conditions and to anticipate pump repairs and replacements. 

The following information is usually desired by pump manufacturers 
so that they can determine the type and size of pump needed to fit the 
characteristics of the well: 


Depth of well ... _____ feet 

Inside diameter of well casing.. _____ inches 

Depth to static water level. . feet 

Depth to water level when well is 

pumped to capacity. .. ______ 

Drawdoim. _______ feet 

Seasonal fluctuation in water table .. _____ ^ ec ^ 

Capacity of pump. ______ DP 111 

Speed of pump .. . rpra 


Is suction pipe to extend to bottom of well? 
Strainer.. 
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Pumping Plant (cont'd) 

Turbine Pump (cont^d) 

Type of Drive - Vertical Electric Motor: 

Voltage. ............ 

Phase.____ 

Cycles ............. ______ 

rpm. • •••••••••«•#« _ 

Vertical Pulley: 

Horsepower of motor, engine, 
or tractor ..... . 

Flat or V-Belt. ZZZZ 

Driving pulley diameter. .... ______ 

Driving pulley speed ...... ______ 

Right-Angle Gear Drive: 

Horsepower of motor, engine. . . _ 

Driving shaft diameter ..... ______ 

Driving shaft speed. ...... _ 

Drive Mechanisms. The efficiency of the drive mechanism may greatly 
affect the operating costs of a pumping installation. Usually one of four 
common types of drive is used: direct, flat-belt, V-belt, or 90-degree 
gear head. Experience has shown that the most efficient drive possible 
under prevailing conditions has proven to be the most economical in the 
long run. The flat-belt drive to tractor power is the least desirable 
and should be recommended only as a last resort as the tractor is 
invariably being used for some other purpose when it should be driving 
the pump. 

The direct drive shown in Figure 11.8 is the cheapest and most 
efficient type of drive for electrical installations. Where electricity 
is dependable and is available at a reasonable rate, it is a very satis¬ 
factory source of power for irrigation pumps. The low cost of electric 
motors, their reliability, hi$i efficiency, compactness, low cost of 
upkeep, and the limited attention they need when in operation make them 
especially desirable where much water is required from a unit. Since 
electric motors operate at a constant speed, the discharge of the pump 
cannot be varied, thus extreme care must be exercised in selecting the 
size of the pump. 

The 90° gear head drive is a dependable and efficient method of 
transmitting the power of a combustion engine to a turbine pump. The 
efficiency of this type of installation can be as high as 95% or more. 
These units are made to fit any standard pump and are made with a variety 
of gear ratios to permit the pump and engine to operate at their most 
efficient speeds. The original cost of right-angle gear drive exceeds 
the cost of V-belt or flat-belt installation. 
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Figure 11.8 



TURBINS— TYPE IRRIGATION PUMP WITH GEAR 
HEAD CONNECTED TO A POWER UNIT WITH 
A SHAFT AND DOUBLE UNIVERSAL JOINT 


Figure 11.9 
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Drive Mechanisms (cont*d) 

A shaft with double universal joints to connect the engine with the 
gear head is recommended. The shafts of the engine and gear head should 
be parallel when viewed from any position (in vertical or horizontal 
plane), however, one may be above or below the other l/U-inch per foot of 
connecting shaft. A typical layout is shown in Figure 11.9. 

The flat-belt drive is used in some sections of the area. It is the 
least expensive of the pump drives, A typical layout is shown in Figure 
11 . 10 . 

Power to drive the pump may be from any source which is practical for 
the particular job. Stationary internal combustion engines, either gas 
or diesel, or electric motors are used. 

A belt-driven installation requires considerable attention because the 
variation of temperature and humidity between morning and midday or day 
and night affects the tension on belt and running position on pulley. A 
low belt may cause edge rubbing on the mounting and damage the belt. 
Excessive tightness will decrease the life of the belt. 

The efficiency of a flat-belt varies from 80$ to 98$, depending on 
slippage, type of pulley and belt, pulley size, number of idlers, and 
the twist used. 



TURBINE-TYPE IRRIGATION PUMP WITH HEAVY-DUTY 
BELTED HEAD FOR EITHER FLAT OR V-TYPE BELTS 



Figure 11.10 

V-belt drives are commonly used. They can be used under many conditions 
where a flat-belt drive, will not serve the purpose. Deep grooved pulleys 
are recommended for V-belt drives. It is important that proper belt, 
pulley size, and alignment are used. It is best to have the V-belt 
manufacturer make the design for each particular installation. The bottom 
of the engine or motor pulley should be in a horizontal plane with the 
center of the pump pulley. In top view, the tight side of the belt on the 
pump pulley should be in line with the center of the engine pulley. A 
V-belt installation is slightly higher in cost than flat-belt, however, 
it is less expensive than a right-angle gear drive. 
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Pumping Plant (cont’d) 

Drive Mechanisms (cont’d) 


Dependability and efficiency will usually justify its use over a flat- 
belt installation. An efficiency of 95% to 99 % is possible for a V-belt 
drive. 

Pumping Head . The pumping head is defined as the total head under 
which a pump operates. For a horizontal centrifugal pump, it is made up 
of the suction lift, measured from elevation of water in sump to the 
centerline of the pump, the discharge lift measured from the centerline 
of the pump to the surface of the water in the discharge basin and the 
friction loss in the pipe measured from the end of the suction to the end 
of the discharge. It will be noted that the water is raised the distance 
indicated by the suction lift by the difference in pressure that exists 
between the suction inlet of the pump and the surface of the water in the 
sump. As the pressure on the water at sea level is one atmosphere or 
3U feet, the highest theoretical suction lift is 3h feet less friction 
losses. This maximum theoretical suction lift cannot be obtained under 
actual conditions. The maximum practical suction lifts at various 
elevations are: 


Elevation Above Sea Level - Feet 

Sea Level 2000 Ft. UOOO Ft. 6000 Ft. 8000 Ft. 

18 17 16 1U 13 

The basis of manufacturers’ guarantees are usually for a suction head 
of 1? feet at sea level. 

The pumping head of a deep well turbine pump and a submerged vertical 
centrifugal pump is measured from the water surface in the well when the 
pump is pumping at the specified capacity to the elevation of the water 
surface at the point of discharge. If the water is carried any distance 
in a pipe beyond the pump discharge, the friction in the pipe is computed, 
translated into feet and added to the measured head. All losses in the 
pump and pump column are included when the overall efficiency is determined. 

Drawdown . As indicated before, the drawdown of a well is an important 
factor in operating costs and has a direct bearing on the type of pump 
that is installed. When a well is drilled, the water rises to a certain 
level, depending on the hydrostatic pressure exerted in the water-bearing 
strata that are intercepted. In order to create flow, a certain head will 
have to be developed to force water into the well. This head is called 
the drawdown. The drawdown of a well is variable, depending on the rate 
of pumping, the quantity of water contained in the strata cut by the well, 
and porosity of the water-bearing material. 
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2. IRRIGATION WELLS AMD PUMPS (CONT»D) 


Pumping Plant (contact) 
Drawdown (confd) 


A typical drawdown curve for a well is shown in Figure 11.2. The 
drawdown varies in proportion to the rate of pumping in the average well. 
Thus, when the drawdown is known for three or more rates of pumping, the 
drawdown for other intermediate rates can be closely estimated. 

Power Requirements . The water horsepower required to drive a pump 
can be determined by the following formulas 


whp 


gpm x h 
3960 


Water horsepower is the theoretical horsepower required without 
consideration to efficiency where: 



gpm 

° 

gallons per minute pumped 


h 

*E 

head or lift in feet, from pumping surface 
of water in well to centerline of pump discharge. 

In order to determine the actual horsepower required, it is necessary 
to know the overall efficiency of the pump, the losses in the piping 
system and the efficiency of the drive as well as the head under which the 
pump operates. The actual horsepower required may be determined by the 
following formula: 


bhp 

- 

gpm x h 

3960 x e 

where 

bhp 

- 

actual horsepower required from power unit 


gpm 

a 

gallons per minute pumped 


h 

° 

head or lift in feet, including pipe line head 
from friction 


e 

C3 

overall pump efficiency or the efficiency of 
pump from inlet to discharge times the 
efficiency of the drive (see Figure 11.11). 


The manufacturer will make guarantees on efficiencies that can be 
obtained for the pump he proposes to furnish. They can be checked in the 
field under actual working conditions by a number of tests. Drive 
efficiencies are well enough established to enable accurate assumptions 
to be made for the various types in common use. No drive loss is considered 
for direct connected vertical shaft electric motors. 




Figure 11.11 


Column -shaft loss 


r 


■A - 100%,£/ectrica/ 
energy input in 
k fie/d- 


HEAD LOSSES /A/ A 
DEEP * WELL TUPB/NE 


-B-90Z 
Mechanical 
energy at 
motor shaft 


-C-897. 
Mechanical 
energy at 
top of 
co/umn 
shaft 


- 0 - 67 ^ 2 % 
Mechon/ca/ 
energy at 
pump shaft 


Figure / depicts a deep-well turbine driven by an electric 
motor . A definite amount of e/ectricat energy is supplied to 
the motor indicated by the width of the energy ribbon at A 
In the motor, electrical energy is transformed into mechanical 
energy. In this process some energy, from 10 to IS percent t is 
tost. Meehanical energy is transformed into hydraulic energy 
by the pump and addi tionat energy is lost. The energy ribbon 
is narrowed by other fosses, as that in the column shaft, 
strainer, suction pipe, and elbows, an A d also in velocity head. 
White 100 percent energy is delivered to the motor (fig. D, 
only 7li percent is actually accounted for in raising water 
from the well. The plant ef fic iency is thus 7 // percent. 

Many terms are used with regard to efficiency and they may 
be explained from the chart in figure I. 

Pump bow / efficiency =■ -yr 

i/i. t 

Laboratory pump efficiency = ~D + C 

h 

Laboratory over-all efficiency = — 

Field (pump) efficiency = 

Plant efficiency = 

The manufacturer is interested in the laboratory efficient 
cies whereas the user is interested in the over-all plant 
efficiency . 

The term field (pump) efficiency is intended to depict the 
efficiency of the pump unit, completely installed with the ex¬ 
ception of the motor . Since actual determination of this effi¬ 
ciency can be accomplished only by using a caIibrated motor, 
the term field (pump) efficiency must usually be considered as 
calculated and is expressed as shown above, namely 

Plant efficiency is calculated when aft fosses are taken 
into account in the complete pump and motor assembly and is 
expressed byJL. This is sometimes known as the wire- to-water 
efficiency . A 

Drawing used by permission of Byron Jackson Co ., Berkeley, 
Ca I / f. 


I 

ro 
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2. IRRIGATION WELLS AND PUMPS (CONT’D) 


Pumping Plant (cont*d) 

Power Requirements (contM) 

It can be noted readily that the efficiency of the pumping unit is 
dependent on the efficiency of each individual component of the whole. 

The efficiency of a pump is governed largely by its type, speed, lift, 
and output. Each pump is designed to function at its best efficiency 
when the speed, lift, and output are properly balanced. Any considerable 
change in any one factor will produce a corresponding reduction in 
efficiency. Great care should be taken to insure that the operation of 
a pumping installation is in accordance with the original designs. 

Purchase of secondhand pumps should be preceded by thorough investigations 
to determine if the pump will operate effectively under the new conditions 
imposed. 


Power Units . Power for driving pumping plants is derived from one of 
two sources, electric motors or internal combustion engines. 


Electric motors may be considered to be 88$ efficient. Each motor 
carries a name plate giving its horsepower rating, which is the rating 
to be used in the selection of a motor to fulfill plant requirements. To 
illustrate computations necessary, assume an electric motor-driven pumping 
installation has a motor efficiency of 88$, a pump efficiency of 75$, and 
a direct connected vertical shaft drive. The overall efficiency of the 
plant would be 88$ x 75$ “ 66$. The pumping rate is k$0 gpm and the total 
pumping head (h) is 30 feet. The power that the motor must deliver is: 


kSO x 30 


13500 


k.$k hp 


The next largest standard size motor should be selected which, in this 
case, is 5 hp. 


Since one horsepower is equal to 0.7U6 kilowatts, the power requirement 
of the plant would be: 

h -& iafrp - 3.85 k» 


Thus for every hour the plant is operated, the power used would be 
3.85 kilowatt hours. 

Internal combustion engines are generally rated on their maximum brake 
horsepower for intermittent loads (advertised horsepower). Some manufacturers 
also give a brake horsepower rating for continuous load, which usually is 
about 80$ of the maximum. The continuous load rating is the one to be used 
in figuring the size of engine needed for a pumping plant. When the 
continuous load rating is not given for an engine, use 80$ of the maximum. 
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Pumping Plant (cont^) 


Power Units (cont*d) 


All ratings should be based on an engine speed (rpm) that will not exceed 
a piston travel of more than lUOO feet per minute. For piston travel in 
feet per minute for various rpm and stroke in inches, see Figure 11.12, 

Internal combustion engines develop more power at sea level pressure 
than at the reduced pressures of higher altitudes. Only that fuel can be 
utilized for which there is sufficient oxygen to allow for complete 
combustion. As altitude increases, the density of the air decreases and, 
therefore, the amount of oxygen decreases. The volume of fuel that can be 
burned and the horsepower developed likewise decreases. Engines also 
develop more power at lower than at higher air temperatures. 

To correct continuous load engine ratings for temperature and altitude 
other than standard (sea level at 60° F.) use the following: 

Air temperature: (approximate) 

(1) Deduct 1 % of rated power for each 10° F. above 60° F. 

(2) Add 1% of rated power for each 10° F. below 60° F. 

Altitude: (approximate) 

(1) For all engines except as noted in (2) below, deduct 
3% from sea level rating for each 1000 feet of altitude 
above sea level. 

(2) For a two stroke cycle diesel engine with forced air 
injection, deduct 1% for each 1000 feet above sea level. 

The continuous load horsepower ratings for internal combustion engines 
are calculated using the above adjustments. 

For example, if a pump is required to deliver 1000 gallons per minute 
with a total lift of $0 feet and the combined pump and drive efficiency 
is 70$, the following power must be provided: 

$ 0,000 

2772 


1000 gpm x $0 feet 
3960 x 0.70 


18.0 hp 



REVOLUTIONS PER MINUTE 



Figure 11.12 
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Pumping Plant (contM) 
Power Units (cont^d) 


It is proposed to use an internal combustion engine having a maximum 
horsepower rating at 28.9 hp with a maximum air temperature of 100° F. 
and at an elevation of 3000 feet above sea level. Then the continuous 
load rating for the engine is calculated as: 

Continuous load at sea level (60° F.) ■ 28.9 x 0.80 = 23.12 

Correction for temperature (-U %) = -0.92 

Correction for altitude (-9^) = -2.08 


20.12 

Since this continuous load capability is slightly above the power 
required, this engine is satisfactory. 

Housing for an internal combustion engine or motor is not recommended 
during the operating season because of the restriction of air circu¬ 
lation. Cool air at the intake increases the efficiency of operation 
of an internal combustion engine. However, it is advisable to house 
the power unit during the off season. 

Standards for estimating power requirements of new installations 
and evaluating the efficiency of an existing installation are found in 
Figures 11.13, 11.lU, and 11.15. 

Cost of Pumping . It is beyond the scope of this handbook to give 
actual costs of pumping plant installations that will be applicable to 
a specific field condition. It is desirable, however, to point out all 
the factors that should be taken into consideration in computing the 
cost of pumping the water at the outlet of the pump. The costs given 
in the following example are for illustration purposes only but are 
representative of procedures by which costs may be obtained under similar 
conditions. Close estimates of equipment and construction costs may be 
prepared by consultation with manufacturers and review of past 
installations, so that the actual pumping costs are within the limits 
anticipated. 
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PERFORMANCE STANDARDS FOR NEW DEEP-WELL PUMPING PLANTS 

Energy 

Rated load 
hp-hr/gal for 
representative 

Performance 
standard in 1 / 
whp-hr/gal“ / 

source 

power units 

Diesel 

lit. 75^ 

11.06 

Gasoline 

11.30^ 

8.1*8 

Tractor fuel 

11.0&2/ 

8.31 

Propane 

8.9^/ 

6.69 

Natural gas 

88.9^/per 1000 cu. ft. 

66.1* per 1000 cu. ft. 

Electric 

88 per cent efficient 

0.885^/ per kw-hr. 

i/Based on pump efficiency of 75 per cent. 

■^Taken from Test D of Nebraska Tractor Test Reports. 

Drive loss for flat twit is included, 

^/Manufacturer’s data corrected for 5 per cent drive loss. 

ii/Not corrected for drive loss. Assime a direct connection. 


Figure 11.13 


MAXIMUM FUEL REQUIREMENTS FOR A GOOD PUMPING 


plant!/ 


Flow of 
water in 
gallons 
per minute 

Lift 

FeetS/ 

Fuel required in gallons per hour j 

Propane 

Diesel 

Gasoline 

or 

tractor 

fuel 

Natural o/ 
gas-/ 



100 

2 

1* 

ii 

190 

lh 

500 

i5o 

2-3A 

1-3A 

2$ 

280 

21 


200 

3-3A 

2± 

3 

380 

29 


100 

2-3A 

1-3A 

2 

270 

20 

700 

150 

h 


li 

1*00 

30 


200 

Si 

3i 

$ 

530 

ho 


100 

3 

1-3A 

2j 

300 

23 

800 

150 

hi 

2-3A 

3} 

1*50 

3h 


200 

6 

3-3A 

U-3A 

610 

he 


100 

3-3A 

2i 

3 

380 

29 

1000 

150 

5-3A 

3 T 

hi 

570 

1*3 


200 

7 i 

1*$ 

6 

760 

57 


■1/Based on standards in Figure 11.13. 

2 / 

-'ll you have a pressure at the pump discharge, add the number of feet 
shown in Figure 11.IS to the distance the water must be lifted while 
pumping. 


2/t 


Cubic feet per hour. 




Kilowatt-hours per hour. 


Figure 11. lii 





2. IRRIGATION WELLS AMD PUMPS (CONT'D) 


RELATIONSHIP BETWEEN DISCHARGE PRESSURE AND LIFT 

Discharge pressure in 
pounds per square inch 

Equivalent "lift" 
in feet 

30 

69 

5o 

116 

70 

162 

110 

2Sh 


Figure 11, 


Pumping Plant (cont*d) 

Cost of Pumping (cont^) 

Fixed Costs - the following depreciation table is based upon studies 
made at the University of Nebraska by Mr, John Shrunk and others: 


Item 


Estimated Useful Life 
(Average) 


Well and casing 
Plant housing 
Pump, turbine 

Bowl (about 50 % of cost of pump unit) 
Column, etc. 

Pump, centrifugal 
Power transmission 
Gear head 
V-belt 

Flat belt - rubber and fabric 
Flat belt - leather 
Electric motor 
Diesel engine 

Gasoline or tractor fuel engine 
Air cooled 
Water cooled 
Propane engine 



20 year 




20 year 



16,000 

hour 

or 

8 

year 

32,000 

hour 

or 

16 

year 

32,000 

hour 

or 

16 

year 

30,000 

hour 

or 

15 

year 

6,000 

hour 

or 

3 

year 

10,000 

hour 

or 

5 

year 

20,000 

hour 

or 

10 

year 

50,000 

hour 

or 

25 

year 

28,000 

hour 

or 

1U 

year 

8,000 

hour 

or 

U 

year 

18,000 

hour 

or 

9 

year 

28,000 

hour 

or 

1U 

year 


Interest on total investment at established rate. 

Taxes and insurance equaling approximately lj% of total 
investment. 
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2. IRRIGATION WELLS AMD PUMPS (CONT'D) 


Pumping Plant (cont^d) 

Cost of Pumping (confd) 

Operating Costs - fuel requirements of various types of engines, 
based on the Nebraska Tractor Tests are given below: 

Gasoline: stationary power units burning gasoline developed 
an average of 11,30 horsepower hours per gallon. 

Tractor fuels: stationary power units burning tractor fuels 
developed an average of 11,08 horsepower hours per 
gallon. 

Diesel: stationary power units burning diesel fuel developed 
an average of ll*,75 horsepower hours per gallon. 

Propane: stationary power units burning propane gas developed 
an average of 8.92 horsepower hours per gallon. 

Natural gas: stationary power units burning natural gas 
developed an average of 88,9 horsepower hours per 
1000 cubic feet. 

Electric motors: electric motors at 88$ efficiency 
developed 1.18 horsepower hours per kilowatt. 

Lubricating oil: 1 gallon per 700 horsepower hours for 
gasoline, tractor fuel and diesel fuelj 1 gallon per 
1000 horsepower hours for propane or natural gas; and 
1 gallon per 2000 horsepower hours for electric motors. 

Other oils and greases: $0,010 per hour of operation. 

Engine maintenance and repairs: 

$5.00 per year for electric motors 

$0.0013 per horsepower hour for propane and natural gas 
$0.00175 per horsepower hour for tractor fuel and 
gasoline 

$0.0021 per horsepower hour for diesel. 

Attendance: $5.00 per year for electric motors, k% of total 

operating hours times $1.00, or $0.01* per hour of operation. 



2. IRRIGATION WELLS AMD PUMPS (COMT»D) 


Pumping Plant (cont^) 


Cost of Pumping (cont*d) 

A sample cost analysis of a complete pumping installation using 
propane fuel follows: 


Altitude 

Uooo 

feet 

Operating temperature 

100° 

F. 

Depth of well 

70 

feet 

Pumping lift 

50 

feet 

Pumping rate 

1000 

gpm 

Area irrigated 

100 

acres 

Water pumped 

i5o 

acre feet 

Turbine pump field efficiency 

Drive efficiency (direct connected 

75 

percent 

90° gear head) 

95 

percent 

Overall pump and drive efficiency .75 x 

.95 - 71.3 

percent 

Horsepower required at drive 

Continuous load horsepower rating 

17.7 

hp 

required of engine (efficiency 
of 17.7 horsepower engine 
reduced 12$» for altitude and 
k% for temperature) 

21.0 

hp 

Horsepower hours per gallon of fuel 

Time required to pump one acre-foot 

8.9 

hp-hr/gal 

of water: 



U3,560 cu ft (l acre ft) x 7.U gal/cu ft 
1000 gpm x 60 min/hr 

- 5.37 

hr/acre ft 

Fuel consumed per hour of operation: 



21.0 hp 

8.9 hp-hr/gal 

« 2.36 

gal/hp-hr 

Fuel required to pump one acre foot 



of water: 



5.37 hr/acre ft x 21.0 hp 

8.9 hp-hr/gal 

*= 12.7 

gal/acre ft 

Time required to pump 150 acre feet 



of water: 



l£0 acre ft x 5.37 hr/acre ft 

* 805.5 hrs 

Total gallons of fuel consumed: 



150 acre ft x 12.7 gal/acre ft 

* 1905 gal 
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2. IRRIGATION WELLS AMD PUMPS (COMT«D) 


Pumping Plant (cont^d) 

Cost of Pumping (contM) 

Cost of Plant: 

Well, complete - 70 feet @ $12.£0 per foot. . $ 875.00 


Pump, complete with 90° gear head ...... 1375.00 

Engine, using propane ... . .... 700,00 

Shelter . 270.00 


Total Cost.$3220.00 

Fixed Costs: 

Interest, $3220 @5% $161,00 

Taxes and insurance, $3220 @ 1^. M3.30 

Depreciation, engine, $700 @7% . 1:9.00 

Depreciation, pump, $1375 @ &z% overall . . 116.88 

Depreciation, well, $875 ® $% . U3.75 

Depreciation, shelter, $270.00 @ 5% . . . . 13.50 

Total Fixed Costs...$U32.U3 

Operation Costs: 

Propane - 1905 gal @ $0.115.. . $219.08 

Lubricating oil, lU gal @ $1.00. 111.00 

Oil and grease, 8o5.5 hrs @ $0.01 ..... 8.06 

Engine repairs, lU, 257 hp hrs @ $0.0013 . . 18.53 
Pump repairs, $1375 f (2 x 20). ...... 3U.38 

Shelter repairs. 2.00 

Attendance, 806 hours @ $0.01: 32,21: 

Total Operation Costs.... $328.29 


Total Yearly Costs . ..$760.72 


Total cost per acre foot 

Total cost per acre foot 
per foot of lift 

Operation cost per acre foot 


$760.72 

$5.07 

150 

$5.07 

50 

$0.101U 

$328.29 

$2.19 

150 

$760.72 

100 

$7.61 


Total cost per acre 
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Factors Relating to Design of bystem 

The development of an irrigation system presents many and varied 
problems in all technical fields if the facility is to function in an 
efficient and profitable manner over a period of years. Engineering, 
although concerned with only a part of the total problem, plays a most 
important part in layout, design, and operation. Where pumping plants 
are involved, it includes not only the design of the plant but also 
consideration of associated costs which, because of a distinct line of 
separation, are set up under two divisions. 

Costs are logically divided into "Fixed Costs" and "Operating Costs". 
Fixed costs represent interest on the original investment, taxes, 
insurance, and depreciation, all of which must be charged to the plant 
regardless of whether or not it is in operation. Operation costs are 
those which are the direct result of operation and consist of charges 
made for energy, lubricating oils and greases, repairs, plant attendance, 
etc. 


Although it is not always possible to exercise a great deal of 
control over fixed costs, it generally is given first consideration as 
certain well-known factors affecting it are of vital importance. It is 
a natural deduction to assume that the less the initial investment, the 
less will be the interest, taxes, insurance, etc. Since depreciation is 
more or less established on a yearly basis, the more a plant operates 
through a given period of time, the less will be the depreciation costs 
per hour of operation. These factors tend to favor small plants operating 
over longer periods of time as they all are reflected directly into fixed 
costs. To further substantiate this attitude toward fixed costs, it is 
known that operating costs vary almost directly with the pumping head 
under which the plant operates. 

The rate at which water must be delivered into ary irrigation system 
may depend upon several variables, but they are all summed up into one 
factor, which is time. If a plant can be designed and the system so 
managed that a small plant operating under a low head will provide water 
in sufficient quantities to adequately cover a given acreage during the 
appropriate periods for the crops grown, it will result in the most 
efficient plant from the standpoint of costs in the amount of water 
delivered. 

The quantity of water required to irrigate a given acreage of land 
is not always understood by the irrigators. Western water right laws 
are set up on the basis of providing one second-foot for each $0 to 70 
acres of land. It is difficult to establish an arbitrary figure, but 
an estimate can be made in each particular case after the acreage and 
type of crop to be grown is known. Suppose, for example, that ItO acres 
of land are to be irrigated and that the maximum irrigation requirements 
during the irrigation season will be four acre-inches of water within a 
period of 7 days. The well then must be able to supply lit acre-feet 
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2. IRRIGATION WELLS AND PUMPS (CONT’D) 


Factors Relating to Design of System (cont’d) 

during the period of 7 days of continuous pumping or at the rate of 
approximately 1 cubic foot of water per second. The proper evaluation 
of the conditions surrounding each particular installation will enable 
a proper decision to be made as to the quantity of water required during 
the peak pumping operations. 

To determine whether a system is economically feasible and if it will 
result in a profitable enterprise, it is necessary to convert all costs 
to a per-acre basis. Consequently, to keep these costs as low as 
possible, it is necessary to bring as much acreage under the system as 
is consistent with good management. Although there is a limit to the 
expansion of any system, the most decisive factor is the operator’s 
managerial ability to carry out a good plan of operations as prepared 
by the farm planner. The best any' planner can do is analyze the resources 
of the operator, including individual ability for application, available 
labor, and the seasons of the year such labor will be available. From 
this, an effort should be made to obtain a balance between "time" and 
acreage. By no means should an effort be made to include all irrigable 
land if it appears beyond the possibilities of proper management. As 
the peak point in plant design is at the highest specific yield of the 
well, this point should never be exceeded, and plants should not be 
over-designed in an attempt to justify large acreages. 

There are various approaches to the problem of increasing acreage 
served by small plants. All of them, however, depend on proper planning 
and the managerial ability of the operator, and should be thoroughly 
understood before undertaken. Those most frequently employed are shown 
below: 

1. Early spring and late fall irrigation to store water in the 
soil for plant use during the growing season. 

2. Diversifying crops in a manner that will distribute water 
requirements through different periods of the season, 
permitting operation of the plant over a longer period. 

3. Plan for the use of certain crops having a small demand 
for supplemental water on parts of the acreage. 

b. Plan on utilizing the facility 2h hours a day, either 

direct from the plant or through the medium of a reservoir 
which will permit around-the-clock pumping. The use of a 
reservoir is recommended only where the yield of the well 
is less than the amount of water which can be properly 
distributed, so that distribution can be made properly during 
the hours allotted for it. 
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Outlet Protection 

Water is discharged from the pump at a relatively high velocity. In 
order to obviate erosion in the main channel and to remove the possi¬ 
bility of undermining’of the pump foundation, it is necessary to construct 
stilling basins at the pump discharge. The basin or box usually is 
built of concrete, although timber or metal structures will function 
equally well. Old stock water tanks, sections of boilers, or other 
similar scrap material may be utilized. The box should have enough 
cross sectional area and a great enough length to reduce the velocity 
to reasonable limits. The outlet openings should be protected at the 
transition to the canal for a short distance as the turbulence resulting 
from the change in section will cause serious erosion. A plan of a 
combination stilling basin and division box is shown on Figure 11.16. 

Battery Installation 

There are many localities where water is obtained near the surface 
from a shallow water-bearing formation. Such formation may have a low 
specific yield and a single well usually will not yield the required 
quantity of water. It is then necessary to consider a battery instal- 
lation. 

Battery installation consists of two or more wells operated by one 
pump. Figures 11.17 and 11.18 show typical 3 and ii well battery 
installations. The wells should be placed far enough apart so there is 
little or no interference when the system is being pumped at the desired 
capacity. Usually wells spaced 60 feet apart will function satis¬ 
factorily. Wells should be placed across the direction of ground water 
movement. 

The advantage of a battery installation is that only one pump is 
required and since a large size centrifugal develops higher efficiency 
than a small one, this means less operating cost, 

3. DOMESTIC WELLS AND PUMPS 


Types of Wells 

There are three general types of wells: dug, driven, and drilled. 

The method used in constructing a well depends largely on the depth to 
which it must be carried, the elevation of the ground water table, and 
the nature of the material encountered in the hole. 

Dug wells are constructed by digging down to water-bearing strata. 

The open excavation is usually circular in shape and from three to five 
feet in diameter. Before modern well drilling equipment was available, 
most wells were dug. However, under present day methods driven or drilled 
wells are in most cases far more satisfactory and economical. 
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TYPICAL 3 WELL 
BATTERY INSTALLATION 


Figure 11.17 
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Types of Wells (contM) 

A driven well, as the name implies, consists of a special point and 
screen assembly that is attached to a casing and driven to a water¬ 
bearing strata. This type is only adapted to relatively shallow wells. 

In sandy soils, wells have been driven to depths up to 60 feet. The 
three most common methods employed in sinking the well are: attaching 
a sandpoint to the end of a pipe and driving it to the required depthj 
forcing the pipe down try removal of material with a sandbucket or pump; 
or by jetting the material away from the end of the pipe to permit it 
to penetrate to the desired depth. The latter also is referred to as 
the jetting method of installation and is used for small diameter wells 
up to 100 feet deep. 

A drilled well is suited to any type of material or depths. It is 
constructed by standard equipment which consists essentially of a derrick, 
a power plant, and a string of tools. This type of well must be 
constructed by an experienced person who has the necessary equipment. 

Well Location 

Factors to be considered in locating a well are: 

1. Locate the well so the natural drainage from bams, chicken 
houses, hog pens, "stomp" lots, toilets, etc., are away from 
the well, never toward it, to eliminate danger of contamination. 

2. Locate the well above flood water elevation. 

3. If feasible, locate the well at the high point and as near the 
point of use as possible. 

Ii. Investigate existing supplies in proximity to well site as 
regards depth of hole, quality and quantity of water, pumping 
head, and the log, 

S. Obtain information from local well drillers about wells 

drilled in the community, state agency or U. S. Geological Survey. 

Equipment of Well 

Casing . The diameter of the well or casing is governed by the 
quantity of water required, and by local custom. Casing diameters vary¬ 
ing from two to four inches are recommended for this region, the exact 
size determined by conditions existing at the site. 

Practically all wells in this region are cased the entire depth. The 
only exception is where the water-bearing stratum is composed of rock 
overlain with unconsolidated material. Under such circumstances the casing 
need only be extended to the rock and sealed. 
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Equipment of Well (cont f d) 

Casing (contM) 

New casing should be used as the life of the well is dependent on the 
life of the casing. The casing may be galvanized or made of black iron. 
Secondhand pipe previously used in connection with gas or oil developments 
is not satisfactory, regardless of the condition of the metal itself. 

Such pipe may taint the water to a degree that it is not usable. Light 
weight galvanized pipe fabricated from sheet metal is not recommended 
except in areas where local custom has proven it satisfactory. It does 
not have the life of standard casing, the joints are not tight enough 
to preclude a seepage of undesirable water into the well, and it may 
collapse when used in unconsolidated material. Pertinent data in weights 
and diameter of types of pipe used for well casing is tabulated in 
Figures 11.19 and 11.20. 

The top of the well should be sealed by means of a concrete slab. 

The slab is made large enough to serve as a base for the pumping equipment. 
The casing should extend about 12 inches above the normal ground surface 
and should make a water-tight connection with the base, which is usually 
made about six inches thick. 

Drop Pipe . All drop pipe should be standard galvanized pipe. It is 
advisable Vo use a drop pipe having an internal diameter larger than that 
of the cylinder or working barrel to permit removal of the valves for 
repair without pulling the drop pipe. The drop pipe should extend far 
enough into or below the water-bearing strata (aquifer) to permit the well 
to be pumped continuously at capacity without danger of exposing the 
suction. 

Cylinder . The size of the cylinder (working barrel) is determined by 
the diameter of the well, pumping rate, well depth, and size of wheel if 
a windmill is used. It is good policy to design the pumping unit to 
produce from two to three times the total daily requirements in 2ii hours, 
particularly when wind is used as a source of power. The capacity of 
most wells drilled in this region is limited, thus the size of the cylinder 
is governed by the discharge of the well. Always select a cylinder having 
a capacity somewhat less than that of the well to permit continuous pumping 
without danger of lowering the water to the point where the suction is 
exposed. Figures 11,21 and 11.22 can be used as a guide in selecting the 
size of cylinder for any particular well. When a hand pump is used, it is 
desirable to install as small a cylinder as is possible, as the larger 
the cylinder the more power required to operate the pump. 

The loads recommended in the table are for moderate wind conditions. 

In localities where the winds are strong, these loads may be considerably 
increased. To obtain the best results in light winds, the table should 
be closely followed. 


WEIGHTS AM) DIMENSIONS OF CASING 
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Diameters 


Weight Per Foot 

Threads 




Thick¬ 


Threads & 

Per 

Size 

External 

Internal 

ness 


Couplings 

Inch 


Standard Pipe - Black and Galvanized 


3 /h 

1.090 

. 821 * 

.113 

1.130 

1 . 131 * 

11 * 

1 

1.319 

1 . 01*9 

.133 

1.673 

1 . 681 * 

11 -^ 

i-i A 

1.660 

1.380 

. 11*0 

2.272 

2.281 

llj 

1 - 1/2 

1.900 

1.610 

. 11*9 

2.717 

2.731 

ll | 

2 

2.379 

2.067 

. 191 * 

3.692 

3.678 

llj 

2 - 1/2 

2.879 

2 . 1*69 

.203 

9.793 

9 . 819 

8 

3 

3.900 

3.068 

.216 

7.979 

7.616 

8 

3 - 1/2 

l*.ooo 

3 . 91*8 

.226 

9.109 

9.202 

8 

a 

l *. 3oo 

1*.026 

.237 

10.790 

10.889 

8 

a - 1/2 

9.000 

l *. 9o6 

. 21*7 

12.938 

12 . 61*2 

8 


Standard Black Well Casing 


2 

2.290 

2.090 

.100 

2.296 

2 . 31*0 


2-lA 

2.900 

2 . 281 * 

.108 

2.799 

2.820 

m 

2 - 1/2 

2.790 

2 . 921 * 

.113 

3.182 

3.230 

11 * 

2 - 3 / 1 * 

3.000 

2.768 

.116 

3.372 

3.630 

11 * 

3 

3.290 

3.010 

.120 

1*.011 

1*.100 

a 

3 - 1 / 1 * 

3.900 

3.290 

.129 

1*.303 

l *. 6oo 

u* 

3 - 1/2 

3.790 

3 . 1*92 

.129 

1 *. 988 

3.100 

1U 

3 - 3 / 1 * 

1*.000 

3.732 

. 131 * 

3.332 

3.630 

11 * 

h 

1*.290 

3 . 971 * 

.138 

6.060 

6.200 

11 * 

h-i/h 

l *. 9oo 

U . 216 

. 11*2 

6.609 

6.730 

11 * 

h-l/2 

l *. 79o 

1 *. 1*60 

. 11*9 

7.131 

7.230 

11 * 


Figure 11.19 


LIGHT WEIGHT GALVANIZED CASING 
SCREW JOINT - DOUBLE LOCK SIDE SEAMS 


Diameter 

Inches 

22 Gage 

20 Gage 

Approximate Weight 

Lbs, Per 100 Feet 

Approximate Weight 
Lbs. Per 100 Feet 

3 

117 

130 

3-1/2 

11*0 

162 

1* 

160 

190 

U-l/2 

173 

213 

3 

190 

230 

3-1/2 

210 

233 

6 

230 

273 


Figure 11.20 
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LARGEST SIZE CYLINDER THAT MAY BE USED 
IN VARIOUS SIZES WELL CASING 


Size of 
Casing 

Largest Size of Cylinder and Type 

2 inch 

2- 1/2 inch 

3 inch 

3- 1/2 inch 

U inch 

U-l/2 inch 

1-3/8 inch brass body flush cap cylinder 

1- 7/8 inch brass body flush cap cylinder 

2- 1/2 inch brass body flush cap cylinder 

2-l/U inch brass body lined cylinder or 

3 inch brass body flush cap cylinder 

2- 1/2 inch iron or brass lined cylinder or 

3- 1/2 inch brass body flush cap cylinder 

3 inch iron or brass lined cylinder or 

U inch brass body flush cap cylinder 


Figure 11.21 


SIZES OF CYLINDERS ADAPTED TO DIFFERENT PUMPS 
ACCORDING TO DEPTH OF WELL 




Depth of Well 

- Feet 



mm 

EM 

100 

ESI 

bm 



Size 

•SEE 

Linder - Inches 

1. Light hand top lift pump 

3 

2 

mm 

- 

- 

- 

- 

2, Medium hand top lift pump 

3{ 

3 

1 

- 

- 

- 

- 

3. Heavy hand top lift pump 

h 

3i 

El 

3 

oJL 
* a 

- 

- 

U. Light windmill top lift pump 

3 

2-| 

mm 

- 


* 

- 

S. Medium windmill top lift pump 

3 i 

3i 

3 


2 

- 

_ 

6. Heavy windmill top lift pump 

h 

3f 

*iJL 

*^4 

3 

2 i 

pi 

2 


Figure 11.22 


COMMON SIZES OF WOOD PUMP RODS 
AND CORRESPONDING PIPE SIZES 


Pump Rod 
(Inches) 

Drop Pipe 
(Inches) 

Wt./lOO Feet of 

Rod With Joint 

1-1/8 

2 

US 

1-3/6 

2i 

7S 

1-3/6 

3 

100 

1-7/8 

3i 

1 S 0 


Figure 11.23 
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Equipment of Well (cont t d) 

Cylinder (contM) 

A windmill should stand at least 15 feet above all obstructions 
within 1(00 feet. 

Pump Rod. The pump rod may be made of wood or steel. Figure 11.23 
gives the common sizes of wood pump rods and corresponding pipe sizes. 

Pump . Any standard hand pump may be used, provided it has a closed 
top and is adaptable for use with windmills or pump jack, as may be 
required. 

Power Requirements. Figure 11.21* gives the approximate horsepower 
required to pump a "given quantity of water under a given head by 
electricity. Always select a motor that is overpowered. This is 
particularly true when a gasoline engine is used. The table is given 
for general information only, as it is impractical to include enough 
data to cover all possible types of installations. Always check the 
motor size selected for a given installation with a reputable dealer 
to insure proper functioning of the unit. 

Windmill . The mill should have sufficient power to pump the quantity 
of water’ specified. Figure 11.25 gives the approximate quantity of water 
delivered when the mill is operating in a wind strong enough to run at 
its maximum number of strokes. When the prevailing winds are light or 
variable, where the wind usually blows only a few hours each day, or where 
the exposure is poor, an oversized mill should be selected. Pumps and 
cylinders used with the various sizes of mills should be capable of 
giving a clear stroke equal in inches to the diameter of the windmill in 
feetj for example, eight inches for the 8-foot, ten inches for the 10- 
foot, etc. The capacities shown in Figure 11.25? are based on the long 
stroke of the mills. When the short stroke is used the capacity should 
be reduced about 2$%. Use of the short stroke is not recommended except 
under conditions when it is required to fit an existing pump installation. 

Tower . Towers may be built of either wood or steel. Wood towers 
have the advantage of greater stability during high winds and they do 
not attract lightning as much as steel. The tower should have sufficient 
height to put the wheel above all obstructions. 



CAPACITY OF DIFFERENT SIZED CYLINDERS AND HORSEPOWER REQUIRED 
FOR DIFFERENT TOTAL HEADS - SINGLE ACTING PUMP 


Size 

Cylinder 

Inches 

Length 

Stroke 

Inches 

Stroke 

Per 

Minute 

Gallons 

Per 

Hour 

Horsepower Required for Total Head 

25‘ 

50* 

75» 

100* 

125» 

i5o» 

200* 

2*00' 

2 

6 

2*0 

196 

.065 

.13 

.20 

.25 

.32 

.38 

.50 

1.00 

2 

8 

2*0 

261 

.08 

.16 

Ah 

.32 

Ao 

A8 

.6h 

1.28 

2 

10 

kO 

326 

.10 

.20 

.30 

Ao 

.50 

.60 

.80 

1.60 

2 - 1 A 

6 

ho 

21*7 

.075 

.15 

.23 

.30 

.38 

A5 

.60 

1.20 

2-l/i* 

8 

hO 

330 

.10 

.20 

.30 

Ao 

.50 

.60 

.80 

1.60 

2-1/U 

10 

hO 

1*13 

.13 

.26 

.39 

.52 

.65 

.78 

1.01* 

2.08 

2-1/2 

6 

ho 

306 

.095 

.19 

.29 

.38 

A 8 

.57 

.76 

1.52 

2-1/2 

8 

hO 

1*08 

.12 

Ah 

.36 

A8 

.60 

.72 

.96 

1.92 

2-1/2 

10 

hO 

510 

.16 

.32 

A8 

Ah 

.80 

.96 

1.28' 

2.56 

2-3A 

6 

hO 

370 

.115 

.23 

.35 

A6 

.58 

.69 

.92 

1.82* 

2-3A 

8 

hO 

h93 

.15 

.30 

A5 

.60 

.75 

.90 

1.20 

2A0 

2-3A 

10 

hO 

617 

.19 

.38 

.57 

.76 

.95 

1. A 

1.52 

3.02* 

3 

6 

hO 

U*0 

.lh 

.28 

A2 

.55 

.69 

.83 

1.10 

2.20 

3 

8 

ho 

587 

.185 

.37 

.56 

Ah 

.93 

1.11 

1A8 

2.96 

3 

10 

hO 

73h 

.23 

A6 

.69 

.92 

1.15 

1.38 

1.81* 

3.68 

3-1/1* 

6 

ho 

517 

.165 

.33 

.50 

.65 

.82 

.98 

1.30 

2.60 

3-1/1* 

8 

ho 

690 

.21 

A2 

.63 

.86 

1.07 

1.28 

1.72 

3. A 

3-lA 

10 

hO 

862 

.27 

.51* 

.81 

1.08 

1.28 

1.62 

2.16 

U.32 


NOTE: The above table gives the actual hp required for operation of the pump by an electric motor. 
If a gasoline engine is used, add 50# to the above figures. The power stated is approximate as it 
is impossible to determine all of the loss of power that occurs from friction. The capacity given 
in the above table is based on 1*0 strokes per minute. To find the capacity of any size cylinder 
with less than 1*0 strokes per minute, deduct l/Uo part of the capacity given for each stroke less 
than 2*0 strokes per minute. 


Figure 11.21* 
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PUMPING CAPACITY OF MILLS 
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Size of 

Cylinder 

(Inches) 

♦Capacity Per 
Hour 

(Gallons) 

Elevation in Feet to Which Water 

Can Be Raised 

r~ Size of Mill ~ i 

6» 

| 

6* 

8* 

EM 

12* 

Uig 

mm 

1-3/L 

105 

i5o 

130 

185 

280 

U20 

600 

1000 

1-7/8 

125 

180 

120 

175 

260 

390 

56o 


2 

130 

190 

95 

IliO 

215 

320 

U60 

K55IBB 

2-1/U 

180 

260 

77 

112 

170 

250 

360 

590 

2-1/2 

225 

325 

65 

9U 

lho 

210 

300 

L90 

2-3A 

265 

385 

56 

80 

120 

180 

260 

li25 

3 

320 

U70 

U7 

68 

100 

155 

220 

360 

3-1/U 

• • • 

550 

• • • 

• • • 

88 

130 

185 

305 

3-1/2 

UUo 

61i0 

35 

50 

76 

115 

160 

265 

3-3A 

• • * 

730 

• • « 

• • • 

65 

98 

A3 

230 

h 

570 

830 

27 j 

39 

58 

86 

125 

200 

U-l/li 

• • • 

9li0 

• • • 

• • • 

51 

76 

110 

180 

li-1/2 

725 

1050 

21 

30 

us 

68 

98 

160 

li-3A 

• # • 

1170 

••• 

• • • 

• • 9 

61 

88 

IliO 


♦The pumping capacity of the mills in the table varying in diameter from 
8 to 16 feet is the same with cylinders of the same diameter. The length 
of stroke increases in proportion to the size of the wheel but the number 
of strokes per minute decreases, consequently the discharge remains 
constant. With the 6-foot mill, which is back-geared more than the other 
sizes and has a stroke of only 5-1/2 inches, the quantity of water 
delivered is about 30 percent less than for the other sizes. The 
reduction in capacity for any particular size of cylinder is compensated 
for in the ability of the 6-foot mill to raise water to a greater elevation 
than its true proportion. 

Pumps and cylinders used with the various sizes of mills should be capable 
of giving a clear stroke equal in inches to the diameter of the windwheel 
in feet, i.e,, 8 inches for 8-foot, 10 inches for 10-foot, etc. 

The capacities shown in the table are based on the long stroke of the mills. 
When the short stroke is used, the capacity should be reduced by about 2%. 
However, the samequantity of water may be obtained by using a cylinder of 
larger diameter so as to increase its capacity 2%, We do not advise 
using a windmill on the short stroke except where the pump already in the 
well has a cylinder which is so large as to overload the mill if operated 
on the long stroke. 


Figure 11,25 
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PART 12 


GRADE STABILIZATION 
1. GENERAL 

Stabilization of grade is a requirement incorporated into almost every 
soil and moisture conservation structure or measure where water flows with 
a free surface. Whenever a stream of water is unconfined and free to 
expand or contract, the grade of the channel affects the velocity of flow 
and to some extent the subsequent degree of erosion. 

The most simple mechanical measures applied with farm machinery stabi¬ 
lize the grade on which the water will flow. Contour farming on cropland 
or contour furrows on grass lands slow down runoff and give it time to 
enter the ground. Level terraces do the same thing. Gradient terraces 
across the slope carry the water on a nonerosive grade. Each of these 
measures shortens the length of slope, provides temporary storage, and 
reduces water velocities so that soil erosion is decreased. Any outlet or 
waterway also reduces the velocity and decreases erosion. If the water 
velocities are still erosive and cannot be reduced by changing the cross 
section, suitable structures will be needed to reduce the grade. This can 
be done by using a concrete or masonry weir notch spillway, box type spill¬ 
way or chute, or by the construction of an earth dam with a drop inlet tube 
to lower the water. 

In irrigation canals and laterals, grades are stabilized l>y using drops 
or chutes. 

Grade stabilization is incorporated into some structures which have 
another primary purpose. A detention dam is designed to store runoff water 
that would cause erosion or siltation of lower-lying lands or channels - 
or the dam may be for the protection of other structures lying below. The 
lowering of the water through the primary spillway or tube, provides some 
grade stabilization. In the same manner, a stockwater dam with a trickle 
tube will reduce the grade on which some of the water will flow. Grade 
stabilization is therefore a part of all of our soil and moisture conser¬ 
vation work. 

Upstream measures will have an effect on the amount of water that must 
be carried by any structure built for grade stabilization. Application of 
agronomic measures to increase the intake rate of soils, as well as mechan¬ 
ical measures to provide temporary storage, will reduce the peak runoff and 
volume that must be handled. The land treatment measures will also reduce 
the sediment that must be stored or bypassed by the structure. Upstream 
protective measures must be fully applied so the structures can be designed to 
to store or discharge less water, have an increased life expectancy, and 
cost less for maintenance. 

Weir or Box Type Drop Spillways 

These structures are generally used in the lower reaches of water dis¬ 
posal systems, such as terraces, diversions, outlets, and waterways, large 
overfalls adjacent to streams, or for drainage. 
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1. GENERAL (CONT'D) 

\ 



FIGURE 12*1 

In these structures the water flows through a weir notch or over the 
lip of a box type crest* They may be made of reinforced concrete, rubble 
masonry, or reinforced concrete block. The water must fall on an apron 
and be confined by permanent walls. The walls may be sloping or straight, 
flared or curved. The energy of the falling water is dissipated within 
the structure so that the released water flows at a nonerosive velocity. 
Cut-off walls are provided to reduce water seepage, reduce rodent damage, 
and prevent undercutting of the structure. 

The structures are very effective when properly designed, but are 
limited to low heads, normally up to eight feet. They can be used to 
stabilise gullies, outlets and waterways, or an overfall that is eroding 
upstream. 

Where the channel width at the structure site is limited, the box type 
inlet is the most suitable. 

These structures can be built either by farm labor or by contractors. 
Rubble masonry or concrete block structures have been made with farm labor 
while the reinforced concrete work usually requires the services of a 
contractor. 
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1. GENERAL (OONT»D) 



FIGURE 12.2 

Within the last few years manufacturers have developed interlocking, 
or wrinkled, steel sheet piling that is suitable for small structures. 

This material is now being used for weir notch spillways and is working 
very satisfactorily. The piling can be driven into position or dug in 
and bolted together and the notch cut to the proper dimensions with an 
acetylene torch. 

For low heads and small quantities of water, all of these structures 
provide excellent control at reasonable costs. For peak discharges of 100 
to 250 c.f.s. the weir notch type is more economical than the box type which 
is used to carry the larger capacities. 

Principal or Drop Inlet Spillway 

Principal spillways of metal or concrete in earth dams are more adapt¬ 
able for high heads (ten feet or more). Drop inlets can be used to increase 
the flow through a low head structure, such as a road culvert. This type of 
structure is well adapted to sites which provide an appreciable amount of 
temporary storage above the inlet. 



1. GENERAL (CONT'D) 



Figure 12.3 

Principal or drop inlet spillways are used for: 

(1) Outlets xor stock water dams or water storage reservoirs to 
reduce the trickle flow over the vegetated spillway. 

(2) Erosion control structures to halt eroding gully heads. 

(3) Correcting overfalls adjacent to streambanks. 

(k) Outlets for detention dams or settling basins to control flood¬ 
ing and siltation of lower-lying lands. 

(5) Roadway structures. 
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1. GENERAL (CONT'D) 



FIGURE 12.U 

For high heads, this type of construction requires less material than 
a weir notch or box type drop spillway under similar circumstances and 
capacity requirements. Earthfill costs on drop inlets may be quite high 
but may be less than concrete drop spillway costs, so the total price is 
less. Dams with a principal spillway are relatively easy to build and may 
be constructed by either farm labor or contractors. 

Chute Spillways (Formless) 

Chute spillways constructed without forming are sometimes used in 
terrace outlets where the head control is low and spillway capacities are 
quite small (20 to 120 c.f.s.). Their use is limited to areas where temp¬ 
erature variations are moderate. Reinforcing should be used where extreme 
variations in temperature are expected. These spillways are easy to con¬ 
struct. In some cases reinforced concrete blocks are used as side walls. 

These structures are used at the ends of terraces or in outlets and 
waterways. Some are constructed to control small overfalls in fence lines. 

This type of spillway cannot be used as a water-impounding structure 
nor is the life expectancy as long as other permanent structures. 
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1. GENERAL (CONT'D) 

Chute Spillways (formless) (cont'd) 

The costs are lew since form work is eliminated, cutoff walls, etc*, 
are minimized, and inexperienced labor can do all of the work* 

Concrete high velocity chutes have also been constructed in the middle 
of grassed waterways to reduce secondary cutting and carry most of the 
runoff from small rains. Here again, reinforcing must be used when the 
temperature variations are considerable* On these structures the inlet 
must be properly designed so the center section will carry maximum flow 
without creating erosion along the edge of the concrete. The velocity of 
the Hewing water becomes very high on the steeper slopes. 



Figure 12.5 

The outlet must also be designed to dissipate the energy of the water 
and prevent downstream erosion* 

These high velocity chutes can be designed for small flows or to carry 
flows up to 50 or 75 c.f.s. but the construction costs increase propor¬ 
tionately according to the structure's capacities* 
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1. GENERAL (OOImT 'D) 


Chute Spillways (formed) 

Formed side walls, wing walls, cutoff walls, etc., are .needed on 
chutes having high heads and where high discharge capacities are required. 
Gully heads in drainageways and overfalls in streambanks are the usual kinds 
of conditions requiring control by these structures. The wing walls and 
earth embankment direct the water into the sloping portion of the chute. 

The large capacities and drop in these structures necessitates a large 
outlet apron and energy-dissipating blocks or barriers. Debris will rarely 
clog a structure of this type. 

For a fall of ten feet or less, drop spillways may cost less because 
they do not have the elaborate inlet and outlet required for chute spill¬ 
ways. A dry site is best for construction, as unstable soils or seepy 
banks require expensive under-drainage systems. 



FIGURE 12.6 

The form work and precision required in the construction of formed 
chute spillways are usually best accomplished by a contractor. Costs are 
quite high, but the structure is relatively economical for high heads and 
large discharge capacities. 
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1. GENERAL (OOOT'D) 


Irrigation Drops 

Small Irrigation structures in farm mains or laterals may drop the 
water only 1 to 3 feet and handle 1 to k c.f. s. The principles of design 
are essentially the same as for large structures which have been construct¬ 
ed in irrigation district systems to handle larger flows over greater drops. 
Some treated wood structures have been used, but their life expectancy is 
short and they require constant maintenance. Concrete structures may use 
form work for the wing and side walls, with the apron troweled. Reinforc¬ 
ed concrete blocks have been used, as well as small drop inlet structures 
of pipe and earth. All of these will step down the water and reduce flow 
line grades. 



FIGURE 12.7 

Costs may seem high to the irrigator, but the efficiency of these 
structures in controlling the water flow makes the expenditure worth 
while. 
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2. SURVEYS 


A thorough field survey should be made of site locations for these 
structures so that the most economical type of structure can be designed. 
Profile and cross sectional surveys are needed to show the characteristics 
of the waterway above and below the structure. The structure may affect 
the flow of water for quite a distance above and below its proposed site, 
or have an effect on other structures. Topographical information may also 
be needed on the structure site itself for detailed designing. Decisions 
on these surveys must be made in the field and based on the type of struc¬ 
ture being considered. Other parts of this handbook will give the degree 
or amount of survey information needed. 

The field surveys should also give the location and sizes of various 
bridges, culverts, fence lines, buildings, etc., - any of which may influ¬ 
ence the design of the structure. Determinations must be made as to the 
size and shape of the watershed and all other factors that will influence 
the runoff and the design of the structure. 

An effective and permanent grade stabilization structure must have a 
stable downstream grade. If one structure does not do this, then addition¬ 
al structures may be needed. A stable grade exists when the channel is 
neither aggrading nor degrading. 

The site selection will be influenced to some extent by the availabil¬ 
ity of materials. If a drop inlet structure is being considered, suitable 
core and fill material should be readily available, or the cost of the 
structure will rapidly mount. A supply of rocks suitable for a rubble 
masonry structure may be the deciding factor on the type of drop spillway 
to construct. 

The type of foundation for any proposed site may determine the type 
and size of structure to be constructed. Wet, seepy foundations are not 
suitable for large concrete structures unless the design includes expen¬ 
sive corrective measures. This may be the place where a drop inlet with 
a deep core wall is needed. Dry, unstratified foundations are suitable 
for almost any type of structure. Where there are wet areas on the struc¬ 
ture site, drop spillways or cutes can be constructed in the drier areas 
and the waterflow diverted to them. 

When the structure is for the control of the gully head or overfall, 
the site selection must be carefully made. The lip of any erosion control 
structure should be set at an elevation which anticipates the upstream 
movement of the gully head. 

The location for the suitable emergency spillway is another important 
factor in selecting a site for any erosion control, detention, or stock- 
water dam where part of the flow is carried through the dam by a tube. In 
some cases, drop spillways or chutes will need an emergency spillway to 
help carry the larger flows around the end of the embankment. Therefore, 
a field investigation for site locations must include a full consideration 
of this important part of these structures. Profiles and cross-sectional 


/ 
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2, SURVEYS (POUT'D) 

surveys of the proposed spillway sites may be needed for a design that 
includes adequate capacities at non-erosive velocities. 

The peak and volume of runoff is almost directly proportional to the 
length and size of the watershed. The site chosen for a structure may be 
adapted to a drop spillway, but the drainage area and subsequent runoff 
may be too large for this type of grade stabilization structure. For 
large runoff volumes or high peak flows, temporary storage may be required 
to provide an economical discharge. Field investigators must consider the 
need for temporary storage at the time that a preliminary site selection 
is made. 

Consideration must be given to the land use at the proposed site, or 
immediately adjacent to it. Drop spillways or chutes may be placed in 
cropland since they do not have water storage incorporated into the design 
which would be lost by siltation. Improper land use adjacent to or at the 
structure site may seriously reduce the effectiveness of the structure or 
downstream stable grade. At least 75% of the land treatment measures and 
proper land use should be applied to the watershed when siltation would 
seriously affect the life and efficiency of the structure. 

3. DESIGN 


Part 5 of this handbook covers the design and construction of outlets 
and waterways as grade stabilization measures. When secondary cutting 
occurs it can only mean one of two things: (1) that the size, shape, and 
grade were incorrectly designed, or (2) proper maintenance was not performed. 

Additional information on drop spillways and cutes is covered in Part 
15 of the handbook, with principal spillway design and construction out¬ 
lined in Part 9. The National Engineering Handbook, Sections 11 and lU, 
gives additional detailed design information. 

Rule of thumb estimates have been used to indicate what a stable grade 
might be - such as 0,5% or 0.5 foot per 100 feet of channel. This assump¬ 
tion may be accurate enough for small structures, but the design of larger 
capacity structures should be based on a more complete analysis of the 
situation. It was mentioned^earlier that a stable grade for a channel is 
one in which there is neither aggradation or degradation. When the design 
inflow or outflow of a structure is determined, these quantities must be 
routed through the channels above or below the structure. If the waterflow 
is at an erosive velocity, the grade may have to be lessened or the project 
costs include changes in the channel size or shape. The choice can be made 
by additional hydraulic calculations for flow through open channels. If 
the waterflow is too slow, the formation of meanders or silt bars will be 
encouraged, and a revision of the channel hydraulic characteristics should 
be considered. It is important that the field engineers give technical 
guidance on this point. 
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3. DESIGN (CONT'D) 


It must be remembered that continuous flows of clear water are more 
erosive to channel banks than intermittent flows or water carrying colloi¬ 
dal materials. Also, that the introduction of a structure in a gully may 
cut off much of the silt load that normally passes downstream. 

A stable grade for sandy or gravelly soils will not be the same as 
for heavy clay soils even when all other things, such as volume of water, 
velocity, size of channel, etc., are equal. Channels for carrying a flew 
of water should be shaped so the sides and/or bottom can be revegetated or 
sodded with suitable grasses. The cross section of the channel should pro¬ 
vide for a uniform distribution of flow throughout its entire length. 
Transition sections should be provided at all breaks in grades, and abrupt 
turns avoided. 

On overfall type structures, scour at the outlet is one of the impor¬ 
tant factors leading to a structural failure. Scour may be controlled by 
giving proper consideration in the design to (l) stability of the grade 
below the structure, (2) velocities occuring in the downstream channel, 

(3) tail water elevations for different flow stages, and (h) dissipation 
of water energy in the outlet. High tail water elevations may reduce 
scour below drop spillways or chutes. Scour on drop inlets is reduced by 
having the pipe section extend beyond the toe of the fill and cantilevered 
on a pipe support to overcome undercutting of the pipe. 

U. LAYOUT 

Other parts of this handbook describe the necessary surveys for setting 
line and grade stakes for construction of the various structures. 

5. CONSTRUCTION 


Any overfall above an erosion control structure should be sloped to 
allow water to enter the pool area without additional erosion even though 
the inlet crest may be the same as the gully head elevation. 

Channels below the structures should be shaped when the structure is 
built. Large irregular banks standing below an intrenched drop spillway 
will not erode to the desired shape for the outlet channel without creating 
undesirable bank slopes and silt bars downstream. 
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PART 13 

STREAM BAM PROTECTION 

1. GENERAL 


Stream bank erosion is a geologic process that is constantly shifting 
and sorting the alluvial fill in stream valleys. Sedimentation due to 
upstream erosion, channel blocks and restrictions such as bridges, diver¬ 
sion dams and snags causes increased stream meandering that aggravates 
bank erosion. Most of the bank erosion is caused by flood stages. The 
major part of the erosion occurring during any one flood occurs after the 
peak has been reached. As the stream subsides after reaching peak flow 
stage, there is movement of underground water, known as return flow, from 
the valley to the channel. The differential in pressure creates a force 
that tends to develop sloughing of banks. There are locations in the state 
where bank cutting is damaging or destroying valuable cropland, endangering 
farmsteads, bridges and roads, and creating high maintenance costs in 
connection with public utilities. Property values may be high enough at 
these locations to enable landowners or corporations to take steps to pro¬ 
vide local protection. Work unit personnel should not attempt such work 
without special engineering assistance, except for the simpler jobs on 
small streams. 


2. INVESTIGATIONS 


The behavior of streams at flood stage or near flood stage is often 
unpredictable without detailed study. This makes it advisable to avoid 
jobs of large size unless good engineering assistance is available. 

Before treatment of any stream bank is started, the following items 
should be considered: 

1. Size of watershed draining into the stream. 

2. Expected flood peaks. 

3. Expected debris load carried by the stream. 

U. Causes of existing meandering and erosion. 

Included among them may be such things as fallen trees deflecting water 
from its normal direction of flow, trees or brush growing on the inside 
of a course deflecting water against the cutting bank, water from a 
smaller stream entering the channel and depositing sediment, thus de¬ 
flecting the water against the cutting bank. 

The flow line of a stream Is often the property boundary between adja¬ 
cent owners. Care must be taken not to divert a stream from Its natural 
channelj the ultimate result may be to trespass on another man's property. 

The economic soundness of any project should be determined at the very 
outset. The cost and damages of the control should be weighed against the 
resulting benefits. 


13-2 


3. TYPES OF PROTECTION 


There are two general classes of bank protection* 

1. Those which retard flow along the bank and thereby promote 
deposition. 

2. Those which, through some form of bank cover, protect the bank 
from direct erosion and scouring. 

Permeable jetties constructed of piling, rock, tetrahedrons, trees 
or other materials are examples of protection causing deposition. Jetties 
may either be designed to deflect the aurrent away from the bank or they 
may be placed parallel to the bank and designed to reduce the velocity of 
flow adjacent to the bank to the degree that erosion will be halted. 
Living vegetation, brush matting, rock riprap, concrete slabs and asphalt 
lining are examples of protective bank cover. The type of protection 
needed for a specific case is largely determined by the characteristics 
of the stream. 


k. TREATMENT 


Vegetation 

Vegetation plays an important part in the control of bank erosion. It 
may be used alone on small streams, or it may be used in conjunction with 
mechanical measures. There are two problems in using vegetation alone for 
protection. 

1. Getting the stand established. 

2. Stabilization of that section of the bank below normal water surface 
so that vegetation will not be undercut and the bank slough Into 
the stream. 

Vegetation is used most successfully above the waterline on properly 
sloped banks and on the flood plain adjacent to the banks to retard 
velocity. Vegetation should always be used back of revetments and 
jetties in the area where silt deposition occurs and on slopes pro¬ 
tected by brush mats. 

Jetted Willow Poles for Bank Protection 


Drive or jet in willow poles on the cutting side only at or just 
above the normal waterline in a double row with the poles two to four feet 
apart and staggered between rows (Figure 13.1). The poles should be six 
to nine feet long, three to five inches in diameter, and should be cut from 
willows if available. About two-thirds of the pole should be below the 
ground line. Supplement with plantings of willow cuttings or plants. This 
type of protection is adapted to the smaller streams where ice damage will 
not be a problem. 

Blanket Protection with Large Trees 


A pervious revetment made from whole trees cabled together and 
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Figure 13.1 JETTED WILLOW POLES 
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Blanket Protection vlth Large Trees (corded) 

anchored by deadmen buried In the Bank Ts probably the cheapest form of semi¬ 
permanent protection, at least as regards cost of material. Trees having a 
trunk diameter of 12 inches and larger are required to provide a good barrier. 
Cottonwoods are the best type as they grow to sufficient size and have a 
brushy top. The trees are laid along the bank with the butts upstream. 

Enough overlap should be provided to insure a continuous protection to the 
bank. The trunks are anchored to deadmen set in the bank by means of cable. 
Piling can be used in lieu of deadmen providing they can be driven well be¬ 
low the point of maximum bed scour. It is very important that trees be 
securely anchored as they could do severe damage to bridges or other struct¬ 
ures if they should break free during a flood. The rapidity with which silt¬ 
ing occurs depends on the amount of sediment transported by the streams. 

Trees have a limited life and must be replaced periodically. In streams 
where heavy ice flows occur, considerable damage to the trees will be en¬ 
countered. Loss of trees through damage or deterioration will again expose 
the bank to the current and it will continue to undercut and erode. The sta¬ 
bility of the bank above the normal water level can be increased by planting 
trees and shrubs. Planting should be delayed until the trees have silted in 
and deposits commence to form back of them. This type of protection is not 
adapted to narrow streams where channel width will be materially reduced by 
placement of trees. It is well adapted where the water at the toe of the 
slope is deep. A typical plan of a tree revetment is shown in Figure 13.2. 

Piling Revetment with Wire Facing, 

Continuous piling revetment with a facing of woven wire is a very 
common type of protection. It is particularly adapted to streams where 
the depth of water next to the bank is in excess of 3 to U feet. It has an 
advantage over riprap and brush mat construction in deep water as it is more 
economical and eliminates the problems involved in building a stable founda¬ 
tion under water for holding the riprap in place. This type of protection 
is easily damaged by ice flows or heavy flood debris and should not be used 
where these problems occur. The piles are spaced from 6 to 8 feet on centers. 
Timber piles should have a diameter sufficiently large to permit driving to 
the required depth. Railroad rails may be vised when available. The pilings 
are driven to a depth of approximately one-half length below the point of 
maximum scour. If the stream bed is firm and not subject to appreciable 
scour, the pile should be driven to refusal or to a depth of at least one- 
half the length. The pilings are carried to the height required to protect 
the bank which may be the full height or a lesser height if it is practical 
to use vegetation or other types above a certain elevation. 

A heavy grade of woven wire is fastened to the stream side of the pile. 
Its purpose is to collect debris and trash and form a permeable wall which 
serves to reduce the velocity on the bank side. If the stream bed is sub¬ 
ject to scour, the wire is extended horizontally along the stream bed at a 
distance equal to the anticipated scour. Concrete blocks or other weights 
are attached to the ends at regular intervals. During floods when scour 
occurs the weights cause the wire to settle in a vertical position along 
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Piling Revetment with Wire Facing (cont'd) 

the face of the pile, the piling can be strengthened considerably by con¬ 
necting the tops with waling or by installing a system of cross-bracing. 
Placing brush and debris back of the piling will increase effectiveness. 
Where piling revetment extends for several hundred feet a few permeable dams 
constructed of brush or brush and rock placed at right angles to the revet¬ 
ment will tend to stop currents developing between the bank and the piling. 
Typical details of a piling revetment are shown in Figure 13.3. 

A more expensive type of construction which gives more protection is 
built by using two rows of piling having rock and brush in between. The 
rock and brush are placed in wire baskets which must be set in a trench 
excavated to at least one-half or more of the depth of the anticipated scour. 
If the blanket settles the wire may be extended and additional material 
added to keep the brush and rock level with the top of the pile. 

Streambank Control with Jacks. 


A method of streambank control which can be used rather easily by 
farmers or ranchers consists of placing one or more rows of jacks along the 
streambank. These •’jacks" are constructed by cutting three poles 10 to 16 
feet in length, depending on the depth of the stream which is to be con¬ 
trolled. (Multiply depth of stream by l.U to determine length of poles re¬ 
quired.) These are crossed and wired together at the mid-points. The ends 
are then tied together with No. 9 wire, as shown in Figure 13.lt. The next 
step is to place the jack in the stream. A series consisting of enough to 
protect the area where cutting occurs should be constructed. They should 
be spaced as close together as possible, with not over one jack space apart. 
This will provide an almost continuous line of revetment. (See Figure 13.5). 
The jacks are held in place by tying the center of the jack with cable clamps 
to a main cable which is carried around through the center of the jacks on 
the area to be protected. The upper and lower end of this cable is tied to 
a deadman which in turn anchors all the jacks as a unit. The cable should 
be l/2" to 3/h n depending on length protected and depth of stream. The 
deadman should consist of about a 6’ timber about 8" to 10" in diameter. 

Each jack should be weighted by rock which can be wired onto the poles. 

If permanence is desired and vegetation will not furnish the ultimate 
control, angle irons or reinforced concrete posts can be substituted for 
the poles in the jacks as mentioned above. Also some steel fabrication 
plants make them for sale on a contract basis. 

Deflector Jetties. 


Deflector jetties serve to deflect the current away from the bank. 
They may be built of large stone, wire-bound rock baskets, rock and brush, 
trees or piling. The location, number and spacing of jetties are deter¬ 
mined mainly by the direction of the stream current and the curvature of 
the bank. 
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Deflector Jetties (confd) 

Jetties are particularly useful where water adjacent to the bank is 
more than U feet deep and where the velocity of the water is too high to 
assure protection with anchored trees. 

The general rule for spacing of jetties is shown in Figure 13.6. The 
angle at which jetties are placed with the bank, or line formed by the low 
water elevation, varies from 30° to hS° . As will be seen by the sketch, 
the length of the jetties has a direct bearing on the spacing. The length 
for any one location is a matter of judgment. As a system of deflector 
jetties reduces the channel section available for passage of floods, they 
must not extend out in the stream far enough to reduce the channel capacity 
appreciably. This factor is particularly important on small streams deeply 
recessed in the valley floors having limited channel capacity. 

Studies of models and observations in the field indicate that there 
is a limiting degree of curvature at which jetties are economical. Since 
the spacing of jetties in a properly designed jetty system decreases with 
sharpness of bank curvature, a point is reached where more material would 
be required for jetties than for some type of continuous structure. Also, 
as the flood stage rises, the current may shift its direction on sharp 
curves and strike the bank between jetties, thereby reducing their effective¬ 
ness. For bank curvatures exceeding 30° , or a radius less than 200 feet, 
it is safer and more economical to use some type of continuous protection. 

If the opposite side of a stream consists of a high bank which cannot 
function as a floodplain, there is little chance of the protective work 
being successful, in other words, do not attempt streambank protection 
with jetties between opposite high banks where velocities cannot be re¬ 
duced by spreading of the flood waters. 

Rock and Willow Jetties 


Figure 13.7. Tie willows into bundles. Willows composing a bundle 
should be as nearly uniform in length as possible. Tie at two places with 
No. 9 black annealed wire (long bundles should be tied in three places). 

If each bundle is tied at the same relative position the subsequent opera¬ 
tion of tying the bundles together to form an integral mat will be facili¬ 
tated. Willows can be tied into tight bundles quickly by using a device 
similar to the one described as followst 

Two or three sawhorses spaced six to ten feet apart are tied together 
with longitudinal stringers. Fastened to the top of each sawhorse 
is a 2” x 6" which has been shaped to leave a curved surface (concave 
upward) on which the willows are laid for bundling. When enough 
willows to make a twelve to eighteen inch diameter bundle have been 
placed on the rack they are tied tightly together with No. 9 wire 
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Figure 13.5 STREAMBANK CONTROL WITH "JACKS" 
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h. TREATMENT (OOiTT'D ) 

Rock and Willow Jetties (cont'd). 

while the willows are being compressed by means of a double lever 
device consisting of two 1" x 2" hardwood sticks connected at one end 
of each with a short piece of suitable rope or cable. (One stick is 
passed under and around the bundle, then crossed with the other stick 
and when pressure is applied to the ends of the sticks, the rope on 
the upper side and the crossed sticks on the sides and top serve to 
compress the bundle.) 

At the location selected for the deflecting jetty, the bank should be 
sloped for a "transition section" at least Is 1 for a distance of ten to 
fifteen feet upstream from the point where the jetty will swing away from 
the bank into the stream. 

Beginning at the upper end of the transition section, lay the willow 
bundles closely together with the butt end up working the tips into the 
stream bed. Tie each bundle to the adjacent bundle to form an integral 
mat. (Occasionally it will be necessary to place a bundle or two with 
the butt ends down to avoid a "fan" effect.) The portion of the jetty 
extending into the stream must be higher on the bank side as indicated 
in Section C-C, Fig. 13.7. In order to obtain this condition place a 
wedge-shaped pile of rocks in the stream bed with the higher portion of 
the wedge underneath the butt ends of the initial willow mat layer. The 
top of the mat is then covered with rock, with the heaviest rock placed 
near the butt ends to resist displacement by the high water velocities. 
Successive layers of willow mat and rock are added, until the desired 
height is obtained. Be sure to work the tips of the willows into the 
stream bed. ¥hen unusually high velocities are encountered it is advi¬ 
sable to place a layer of hog wire on the bed on the stream under the 
initial rock and willow layer, bringing the wire around to the tip of 
the jetty, up and over the top of the mat and fastened to it. 

The mat should be bank high at the junction with the bank. The 
jetty should slope toward the downstream end to produce the desired effect 
of deflecting the stream away from the eroding bank and depositing silt 
behind the jetty. 

Piling Deflecting Jetty. 

The upper end of the piling jetty is constructed the same as the 
rock and willow jetty. Piling is then driven or jetted as indicated in 
Figure 13.8. This type of jetty is not adapted to conditions where heavy 
ice flows will occur. 

Tree or Log Jetties 

Tree or log jetties are constructed by excavating a trench into the 
bank and driving two pilings on either side of the trench near the water 
line, Figure 13*9. Two cables are then laid across the trench and the 
trees or logs placed in the trench. After sufficient trees have been 
placed in the trench the cables near each end are then bound around the 
trees to tie the jetty together. A cable is also tied between the piling 
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U. TREATMENT (OONT»D) 

Tree or Log Jetties (confd) 

across the top of the jetiyio hold the trees down during high water. The 
tree or log jetty should slope toward the downstream end to produce the 
desired effect. Backfill the trench excavated in the bank to natural 
ground elevation after the jetty is complete. This type of jetty is not 
easily damaged by ice when the trees are tightly bound together. 

Wire Bound Rock Jetties. 

Wire bound rock jetties are constructed as indicated in Figure 13.10. 



Brush mats with shrub plantings protected at the toe with rock riprap 
will give very good results. This is an expensive type of construction 
due to the hand labor involved. As a brush mat has a short life, its 
main value is to afford a mulch that will permit a dense growth of vege¬ 
tation to take over. It is only practical at locations where willow brush 
and rock are readily available in quantities sufficient to meet the need 
of the job. The construction procedure is to place the rock toe using it 
as a base for the brush mat. The rock toe should be carried to the low 
point of the channel and be at least 18 inches in thickness to remove 
the danger of displacement during flood flows. It is not practical to use 
a rock toe in streams subject to channel scour as it is usually not feas¬ 
ible to place enough rock to compensate for the loss due to downward 
movement created by the temporary deeping of the channel. The sloped 
banks should be planted before the brush matting is applied. The best 
time to plant is in the spring. It is difficult to secure a reasonable 
stand when planting new cuttings through a mat. 


The brush should be placed over the exposed soil as soon as possible 
after the bank is planted. Bush willow affords the best material. The 
brush is laid shingle fashion with the butts pointing up the bank. The 
brush should be straight enough to lie flat on the bank. The mat should 
be 6 to 18 inches thick, depending on the size of the stream and the ice 
hazard. The mat is held in place by driving stakes at an angle crossing 
each other in pairs or by stakes driven straight into the ground about 
2»-6" on centers and interlacing with galvanized wire. After the wire is 
attached the stakes are driven deeper which tightens the wire and binds 
the mat firmly. Stakes driven at an angle and crossed in pairs are only 
adaptable to small streams. The details of a brush mat riprap are shown 
in Figure 13.11. 


Rock Riprap 


Rock riprap is one of the most effective methods of stream bank 
erosion protection. It is costly because of the difficulty of quarrying, 
transporting and placing the stone and the large quantities needed, partic¬ 
ularly where streams are deep. For successful riprapping the toe of the 
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Rock riprap (cont*d) 

riprap must be firmly established. If the stream is shallow and has a 
hard bottom, this is not a serious problem. If the stream bottom is soft 
and unstable, failure often results. The tendency is to neglect the pre¬ 
paration of an adequate foundation for the bottom course of stone. As 
the weight increases with the placing of higher courses, the pressure on 
the bottom course increases and the foundation fails, especially when the 
toe of the bank is scoured by the stream. As a result, most of the riprap 
slides into the stream. Soundings should, therefore, be made and cross 
sections of the stream bed should be plotted before starting to place rip¬ 
rap. Make sure the toe of the slope is stable and that an adequate founda¬ 
tion is provided. 

Large stones are best for riprapping. Although small stones are easy 
to handle they are easily gouged out by ice and carried away by swift 
currents. 

Steep banks should be stifficiently sloped so that the pressure of the 
stone is mainly against the bank rather than against the stone in lower 
courses. The slope on which riprap is laid should never be steeper than 
1 ±* 1 . 

The fine material of which streambanks are usually composed must be 
protected by some blanket of graded material from the attack of waves 
and the stream current. The large stones of a revetment may withstand 
the direct attack of the current, but if even gentle flows between these 
rocks can reach and remove the finer bank material, the large stone may 
be undermined and failure will result. 

The protection blanket for the bank may be provided in two ways. 

1. A blanket of well-graded sand and gravel is laid on the bank 
material and then the larger stone is laid upon it. 

2. A graded rock containing sufficient spalls and other fines to fill 
the voids between the large rocks is placed directly on the bank 
material. 

The latter method has been used extensively and is simpler and cheap¬ 
er than the first method. 

The riprap should extend far enough up the bank to a point where vege¬ 
tation can be established and provide control. In some cases it will be 
necessary to carry the riprap to the top of the bank. A combination rock 
riprap and brush mat revetment is often used. Figure 13.12 shows a cross 
section of a typical riprapped bank using a brush mat at the top. 

5. MAINTENANCE 

Continued maintenance of completed stream bank control measures is 
essential to avoid future, and possible greater, damage later. In plann¬ 
ing for maintenance it is important to keep the following points in mind; 

1. Control measures, once installed, are not automatically permanent. 
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5. MAINTENANCE (OONTMJ) 

and it usually economically impractical to attempt to establish 
absolutely permanent controls. 

2. The nature of the maintenance differs in different parts of the 
general drainage area owing to extremes in physical characterist¬ 
ics of rivers and creeks. 

Because the vagaries of currents at flood or high-water stages cannot 
be determined precisely in advance, the amount and intensity of treat¬ 
ment needed cannot be completely foreseen at the start. Careful exam¬ 
ination of plantings and structures during the first few years follow¬ 
ing installation will disclose points of weakness, and sections likely 
to give way can be strengthened. 
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WATER SPREADING 
1. GENERAL 


Definition 

Water spreading as used in this handbook is a specialized form of 
surface Irrigation accomplished by diverting flood runoff from natural 
channels or watercourses and spreading the flow over relatively level 
areas. The diversion and spreading is controlled by a system of dams, 
structures, dikes, or ditches, or combination of these, designed to 
accommodate a calculated rate and volume of flow. 

It differs from conventional irrigation in that the timing and 
volume of the water application is not made according to the needs of 
the crop but is dependent upon the characteristics of the flood hydro- 
graph and the intake characteristics of the soil. Usually the systems 
require little or no manual control. 

State Laws 

Applicable state laws or water rights must be considered and observed 
on the design, layout and construction of water spreading systems and 
diversion structures. 

Class of Water Spreading Systems 

The relationship between the expected runoff from the drainage area., 
the volume of water to be utilized and the moisture needs of the watered 
areas must be properly balanced. Most water spreading systems should be 
designed so that the area to be flooded will match the volume of runoff 
expected on a 1 . 2 $ or 2-yea.r frequency (80 or $0 percent chance of 
occurrence). Figure lU.1 gives the classification of water spreading 
systems based upon dependability of water supply. 

Normally a dependable class system will bring the highest economic 
return but not all dependable class systems are economically feasible. 

On the other hand, questionable or even undependable systems may 
produce enough return to warrant their development. Each case must 
be judged on its individual merits. 
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Class of Water Spreading Systems (contM) 

CLASS OF WATER SPREADING SYSTEMS 


Class of System 


Description 


Design Storm 
(6 hr. duration) 
Frequency 


Dependable 


Questionable 


Undependable 


Frequent flooding can be expected 
to provide increased production 
nearly every year. 


1,25-year frequency 
80 percent chance of 
occurrence. 


Beneficial flooding. Increased 
production can be expected about 
half of the time. 


2-year frequency 
50 percent chance of 
occurrence. 


Uncertain flooding. Increased 
production can be expected 
occasionally. 


5-year frequency 
20 percent chance of 
occurrence. 


Figure lU. 1 

Types of Water Spreading Systems 


Water spreading systems may be classified into the following types: 


1, Flow Type Systems 

a. Spreader ditch systems 

b. Syrup pan syst®" 1 ® 

c. Dikes and bleeder systems 

2. Detention Type Systems 

a. Manual inlet control systems 

b. Automatic inlet control systems 

Further details on each type may be found under "Design", page 
Many water spreading systems are a combination of several types . 

Site Adaptation 

Crops. Water spreading is most frequently applied to range or pasture 
lands to increase the production of forage, hay or seed and usually is 
associated with a non-intensified type of agriculture as distinguished 
from intensified crop production under irrigation. 
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Site Adaptation (confd) 
Crops (contM) 


In arid or semi-arid areas, additional moisture on range or pasture 
land improves the quality of the forage air* lengthens the periods of 
growth. Water spreading often allows the development of hay fields in 
areas where hay cannot otherwise be grown. It may permit seed production 
of alfalfa or native grasses. 

Water spreading on native grass stands will increase the percentage 
of mid and tall grasses. Adapted native grasses for seeding on medium to 
heavy soils are western, slender wheatgrass and green needlegrass. 

Legumes are limited to alfalfa and sweetclover. Refer to the local 
technical standards for the adapted grasses and/or legumes along with 
the necessary fertilizers for a particular area. Since the areas of water 
spreading will be determined as dependable, questionable and independable 
and maximum production is the ultimate goal, consideration can be given 
to using tame grasses supported by adequate fertilizers on the dependable 
areas and native grasses on the other areas. 

Water spreading should not be done on annual crops unless ponding 
methods are utilized. Special precautions must be taken to prevent 
erosion and usually problems arise in planting, cultivating and harvesting. 
For these reasons it generally is not recommended. 

Detention type systems may be required on heavy soils to hold the 
water on the surface of the soil for a considerable period to provide 
opportunity for infiltration. Under these conditions, the crop must be 
of a type that will tolerate these periods of prolonged inundation. 

Soils . Deep medium to moderately fine textured soils over moderately 
permeable subsoils and moderately permeable substrata are ideally suited 
to water spreading. Coarse and moderately coarse textured soils should 
be avoided because the soil will absorb the water so rapidly that it is 
difficult to convey over the area/ Coarse soils have low water holding 
capacity and do not make effective use of flood waters applied at 
infrequent intervals. 

Heavy and moderately heavy soils are satisfactory if the slope of 
the land is such that a detention type system can be employed. This is 
necessary because usually the intake characteristics of these soils are 
such that the root zone cannot be filled in the length of time that 
runoff occurs. 
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Site Adaptation (cont f d) 


Solis (cont*d) 


Solis which contain an excessive amount of soluble salt are not 
suitable for water spreading. Leaching of soluble salt concentrations 
from the soil usually cannot be accomplished for the amount of water 
applied during each application is seldom sufficient to fill the root 
zone to field capacity. Sufficient gravitational water is not normally 
available to carry the salts beyond the root zone. 

Indicator plants can be used as a guide to recognize sites which 
may be high in alkalinity or salinity. Sagebrush indicates low salinity 
and alkalinity. Winterfat, rabbit brush, greasewood, saltwort, 
saltgrass or alkali sacaton are indicative of wet, saline or light 
textured soils. 

Topography . It is difficult to apply water uniformly over a water 
spreading area unless the topography is broad, smooth and gently sloping. 
The site should be free from rills or channels. It is usually not 
considered economically feasible to level land on which floodwater is 
to be spread. 

Detention type systems are limited to slopes of 1 to 2 percent or 
less, because if placed on steep slopes, the spacing between the dikes 
becomes quite narrow or high dikes are required. Low dikes are preferred 
because they permit better utilization of the water and are not subject 
to severe wave action. Low heads of water also are desirable to avoid 
dike failure. The volume of earthwork per acre required to construct the 
dikes increases rapidly as the slope increases. 

Flow type systems using spreader ditches or dikes are limited to slopes 
of three (3; percent or less generally, although where slopes are very 
smooth and a sod type vegetation is present, they may be applied on 
slopes up to five (5) percent. 

The minimum slope required is that which will provide for drainage of 
the excess water. A somewhat higher minimum slope is required when the 
water carries a high sediment load. It is then necessary to have 
sufficient slope to prevent the deposition of the sediment as a cone or 
bar near the inlet to the area. 

Water Supply . The seasonal distribution of the runoff producing 
storms or the period of runoff from snow melt is an important charac¬ 
ter! stic of the water supply for a. water spreading system. Early spring 
runoff may find the soil frozen and not in a condition to absorb water 
and late fall runoff may not be of much help if normally the soil is 
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Site Adaptation (cont*d) 

Water Supply (cont*d) 

saturated over the winter months. Water spread at a time when the soil 
profile is at nearly field capacity will be largely Ineffective, 

The precipitation pattern in the Northern Great Plains lends Itself 
to the successful operation of water spreading systems. Here the total 
precipitation during the summer months may be Inadequate to meet the 
needs of the crop but storms of high Intensity occasionally occur during 
the spring and summer months. 

Normally, flood waters are of satisfactory quality for water spreading 
from a standpoint of salt or sodium content. However, they may carry 
appreciable quantities of sediment. They may be either beneficial or 
detrimental, depending upon volume and type. Fine grained sediments, 
which may be expected to be deposited uniformly over the spreading area, 
may be beneficial rather than harmful. They actually may Improve soil 
fertility or may tend to settle out in low ponded areas improving the 
topography. 

Flows which carry heavy bed loads are difficult to utilize. Most of 
the diverted load will be dropped in the diversion works or spreading 
area and will cause problems of maintenance. Waters which carry selenium 
or arsenic sediments or other deleterious minerals should not be used. 

Proper land use on the drainage area is essential. Conservation 
practices applied on the drainage area will improve the vegetal cover and 
reduce erosion and sediment production. However, conservation work on 
the drainage area may be expected to reduce peak flow and water yield. 

Location . Water spreading systems which are unaccessible during 
rainstorms or which lie at a distance from the ranch headquarters should 
be automatic or semi-automatic in nature. This tends to make the system 
more expensive and to Increase maintenance costs. 

Relationship to Other Practices 

Sites are not always suitable for water spreading, even though there 
is a need for restoration and improvement of the grassland. Other methods, 
such as proper range management, contour furrowing or pitting, may be 
more effective In reducing runoff and improving soil moisture conditions. 
Contour furrowing or pitting can be applied on the water spreading area 
to increase penetration of water into heavy soils. 
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Preliminary Informatton 

The survey information necessary on a water spreading system depends 
upon the size of the system, the topography of the diversion and spreading 
area, and the type of system to be installed. Simple spreading systems 
require a minimum of information. They consist of diversions from small 
watercourses and contour spreader ditches on sloping land to redistribute 
the water wherever It begins to concentrate. Complex systems diverting 
large volumes of water into ditch and dike areas on gently sloping lands 
require detailed surveys. 

Soils . Soil types that are suited for water spreading are the same 
as for irrigation. Prior to final selection of a site for water spreading 
it is necessary to have a soils survey map showing the following: (l) ef¬ 
fective depth; (2) texture of the surface soil; (3) permeability of the 
surface, subsoil, and substratum; and (li) the erodibility of the soil. 

The soil of the proposed water spreading area should be studied to 
determine whether or not it has the fertility needed. Nitrogen may be 
needed to increase the forage growth, and phosphate required where seed 
production is desired. Fertilizer recommendations should be based upon 
soil tests or field trials. 

Topography , Sketch maps should be prepared for simple water spreading 
systems using contour spreader ditches. Topographic maps are necessary on 
more complex systems to enable proper design. These maps should cover the 
diversion site, diversion ditch area, the proposed water spreading and 
disposal area. Refer to Part 1 for procedures and methods to use in 
preparing the topographic map. On all water spreading projects serving 
five (5) or more acres, a topographic map should be made. The contour 
interval in feet should approximate the land slope in percent. The 
horizontal map scale should be 200 to IiOO feet per inch. 

Drainage Area Size and Characteristics. The drainage area should be 
delineated to determine the size, shape, and characteristics. For smaller 
drainage areas, the boundaries can be traced from aerial photos and all 
major drainageways and channels shown. Other features, such as existing 
storage dams, road culverts and bridges, and others, should be noted on 
the tracing. Soil types or range sites, slopes, type and extent of 
vegetal cover, or other land use and condition should be shown. Slopes 
and lengths of the main channels should be determined. Long drainage 
areas can be expected to have different peak flow and duration character¬ 
istics than those that are fan shaped. Long narrow drainage areas will 
have a longer time of concentration as well as duration of flow. Storms 
which are not great in aerial extent may move across a narrow drainage 
area producing runoff from just part of the total area, while it may 
cover most of a fan-shaped drainage area. 
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Preliminary Information (contM) 

Drainage Area Size and Characteristics (contM) 

The drainage area should be inspected to estimate the volume and 
nature of sediment production to be expected, and consideration given 
to corrective measures that will reduce this volume. Eroded soils, 
bare slopes, and active gullies will increase the volume of sediment 
produced during storm periods. Often the grade and deposition in the 
main channels will be indicative of the volume. The sediment may be 
carried as a suspended load in the water or be deposited as a bed load 
when the velocity of the water is reduced, 

3. DESIGN 


The depth of water which can be applied to a water spreading area is 
dependent upon the characteristics of the flood hydrograph, the 
characteristics of the soil, and the type of system used. 

Although four basic types of water spreading systems will be explained 
and described, it may be necessary to design and construct systems that 
combine two, or even more, of the suggested types. Combination systems 
may be feasible or desirable to more fully recognize differences in 
topography or soils. 

The basic elements requiring design are the diversion works and canal 
systems, the spreader ditches, dikes, structure, etc,, on the spreading 
area and the water disposal system. 

Flood Flow Hydrograph 

The characteristics of the flood flow hydrograph are determined in 
accordance with Part 3 of the handbook. Separate calculations should be 
made for each of the following storm frequencies: 

1,25 year 80$ Chance Dependable Class System 

2 year 50$ Chance Questionable Class System 

5 year 20$ Chance Undependable Class System 

The following steps are followed for storm runoff: 

1. From Figure 3.1, determine the expected storm rainfall (P) in 
inches. 

Note: The storm rainfall for a 1.25 year frequency can be 
determined by multiplying the 2 year frequency 
storm rainfall by 0,8. 
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3. DESIGN (OONHD) 



2. Knowing the soil cover complex number for the drainage area, 
from Figure 3.5 determine the expected direct runoff (R). 

3. Compute the volume of storm runoff: 

V s - 6h0 RA 

Where V s • Volume of storm runoff in acre-inches 

R ■ Direct runoff in inches 

A ■ Drainage area in square miles 

It. Compute the time of concentration (T c ) in accordance with 
the procedure given in Part 3 of the handbook. 

5. Determine the unit peak discharge (q) from Figures 3.6 
and 3.7. 

6, Compute the peak discharge, 

Q - q A R 

Where Q ■ Peak discharge in cfs 

q ■ Unit peak discharge in cfs/mi^/in 
A ■ Drainage area in square miles 

R ■ Direct runoff in inches 

Special Cases . When the flood flows are produced by melting snows, 
special procedures are required which are beyond the scope of this hand¬ 
book. 

In some instances the supply canal is located at a considerable height 
above the bottom of the stream channel and a dam provided to raise the 
water into the canal. In these instances an appreciable volume of the 
runoff is required to fill the reservoir behind the diversion structure 
and this volume must be deducted from the computed flood flow volume. 
Likewise, the storage capacity of any large reservoirs in the drainage 
area should be deducted. 





3. DESIGN (OON'PD) 


1U-9 


Flood Flow Hydrograph (cont *d) 

Special Cases (cont*d) 

In other instances, detention reservoirs may be constructed above 
the point of diversion* These tend to reduce the peak flow (Q) and 
to prolong the duration of flow. The modified hydrograph must then 
be determined by flood routing procedures. 

Occasionally, when a stream channel carries considerable bed load, 
the diversion inlet may be placed a small distance above the bottom of 
the stream so that the bed load will not be diverted into the canal. 

This procedure by-passes low flows and reduces the volume of water 
available for the spreading area. 

All of these special cases require individual evaluation and should 
be referred to the Area Engineer. 

Design Application Depth 

On flow type systems, the depth of application is affected only by 
the duration of flow and the intake characteristics of the soil. 

Figure lU.2 gives design depth of application (d a ) and estimated 
flow durations for free flow systems with various times of concentration 
(T c ) for various soil textures ranging from medium to very fine. As 
an illustration, it has been determined that for a T c of 2 hours the 
estimated flow will approximate 10 hours. On medium textured soils 
(M) approximately 9.6 inches would be absorbed by each acre that was 
flooded for 10 hours. For moderately fine soils (F) about 5.U inches 
of water would enter the soil In 10 hours of flow time. 

With detention type systems the depth of application can be made 
equal to the water holding capacity of the top three feet of the soil 
profile. The estimated water-holding capacity for the soils can be 
obtained from the irrigation guide. In a detention type system, the 
depth of application is not dependent upon the duration of flow, 
provided the volume diverted Is large enough to supply the design 
application depth. 
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Design Application Depth 


DESIGN APPLICATION FOR FLOW TYPE WATER SPREADING SYSTEMS 


DRAINAGE CHARACTERISTICS 


SOIL TEXTURE 

Time of 

Estimated 

M 

F 

H 

V 

Concentration 

(T c ) 

Flow 

Duration 

Medium 

Mod. Fine 

Fine 

Very Fine 

Hours 

Hours 

Inches 

Inches Inches 

Inches 

o.5 

8.5 *1 8.5 

! i 

j *2 U.8 {*3 

2.9 

1.6 

1.0 

9.0 

8.9 

I 5.0 i 

3.0 

1.6 

1.5 

9.5 

9.3 

5.2 j 

3.1 

1.6 

2.0 

10.0 

9.6 

j 5.h 

3.2 

1.7 

2.5 

10.5 

9.9 

5.5 i 

3.2 

1.7 

3.0 

11.0 

10.2 

j 5.7 I 

3.3 

1.8 

3.5 

11.5 

10.5 

i 5.9 i 

3.U 

1.8 

U.o 

12.0 

10.9 

L 6.0 j 

3.5 

1.9 

h.5 

12.5 

11.2 

T.1-1 1 

3.6 

1.9 

5.0 

13.0 

11.5 

6.3 I | 

3.7 

1.9 

5.5 

13.5 

11.8 

6.5 | 

3.7 

1.9 

6.0 

lU.o 

12.3 

6.7 | | 

1 1 - 

_L_ 

3.8 

2.0 


*1 A free flow system is adequate for these soils. 

*2 These soils are adapted to either flow or detention type 
systems. 

*3 Detention type systems should be given first choice. 


Figure 1U.2 


Water Supply System 

Diversion Works . Diversion works may be of various types. The type 
to use Is dependent upon the size and nature of the flows to be expected, 
and the relative location and elevation of the spreading area.. 

Base grade diversions should be given first consideration if they are 
adaptable. Here, the canal section intercepts the bottom of the stream 
channel. The inlet to the canal should be higher than bottom grade of 
the dry draw if the runoff water carries a high sediment bed load, and 
lower if the water is clear. 
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3. DESIGN (OONT’D) 
Water Supply System (cont’d) 

Diversion Works (cont’d) 


A control structure generally is needed in the excavated canal to 
permit only the design flow of water into the system and force the 
remainder of the flow to continue down the stream. Also, it may be 
necessary to prevent flow into the spreading area during the haying 
or harvest season or at times when maintenance work is being performed. 
Control structures may be of various types - an earth fill with a 
gated metal or concrete pipe through the earth fill, or a concrete, 
metal or wood headgate equipped with slide gates or flashboards. 

. A dam may be constructed across the channel to raise the water to 
the elevation of the supply canal whenever the topography will not 
permit a base grade diversion. All the general principles of dam 
construction must be observed, including necessary provisions for 
by-passing the floodwater. Earth dams can be built where a. good 
natural or excavated spillway can be provided. The principles in¬ 
volved in earth dam construction are outlined in Part 9 of this hand¬ 
book. When using earth dam diversions, it may be possible to place the 
inlet of the supply canal at an elevation below the crest of the spill¬ 
way and utilize temporary storage following a runoff period extending 
the duration of flow. Overflow structures can be built of concrete or 
rubble masonry, rock and brush, timber cribs filled with rock, or steel 
sheet piling cribs filled with rock. Ordinarily, such dams should not 
be over four (10 or five (5) feet in height. Normally these structures 
require an engineering design. 

Canals. The route of the canal from the diversion works to the 
spreading area should provide for the shortest practical length. The 
water section should be kept in cut (below the natural ground surface) 
as far as practicable, and construction of fills or embankments should 
be avoided. Where it is difficult to locate a. canal so as to place the 
water section wholly in excavation, compacted embankments should be 
constructed. Sharp curvature of the canal should be avoided. Provisions 
must be made to safely convey or dispose of drainage waters which may 
enter the canal along its route. 

Grade and Velocity - Part 16 of the handbook provides information on 
grades for ditches and permissible velocities. Also, the friction factor 
rt n w to be used in Hanning’s formula is given. 
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3. DESIGN (CONT»D) 


Water Supply System (contM) 
Canals (contM) 


The canal section should be selected by considering its flow proper¬ 
ties, stability, freeboard, and the machinery that will be used for 
construction. A canal section which approximates a half circle will have 
the highest mean velocity and thus the greatest flow capacity for the size. 
On the other hand, canals in which the bottom width is large in comparison 
to the flow depth will have a much lower mean velocity since more energy is 
dissipated in overcoming friction along the perimeter of the section. The 
bottom width commonly used ranges from 2 to 8 times the flow depth. The 
stability of the materials determines the side slopes to be used. Side 
slopes of 1^:1 are usually considered minimum. On side hill locations, 

1:1 slopes can be used to avoid excessive excavation, provided the 
materials are stable and the canal is protected against side hill runoff. 
The top width of canal banks should not be less than 3 feet, or 12 feet 
if they are to be used as roadways. 

Freeboard - The distance from the design water surface to the top of 
the vegetated banks should not be less than two-tenths of the flow depth 
in flat areas, or one-half the flow depth where the banks are bare of 
vegetation and/or where the topography is steep. 

Structures - Figures 1U.3 and lU.U show typical structures that can 
be used in the main supply canals. The structures can be wood, metal, 
or concrete. 

Combination Systems, Storage Reservoirs and Pumps . Under some 
conditions and some states, reservoirs to store water can be used in 
combination with water spreading systems. Reservoirs are desirable 
since the duration of flow can be prolonged or the application delayed 
for a period of time. Many of the variables which affect a system are 
removed when storage is provided. Where the streams flow for prolonged 
periods of time pumps may be used to supply water from streams where 
direct diversion is not feasible. 
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PLAN 


SECTION A - A 


0 = CAVJgh 
_A_ 

W = 2D where 


A = Water section area of ditch 
D - Depth of w^ter in ditch 


L =■ 2 x Maximum depth of v .-ter on upstream side of gate 


_ i NOTE: 

to Place well tamped backfill around all cut 

off walls. Grade foundation carefully to 
provide close contact with timber floor. 
Make all joints as watertight as possible. 
Use 2* plank construction throughout. 


a- - = 3 


jure lli.3 


TYPICAL CONTROL STRUCTURE 
WOOD CONSTRUCTION 
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Select pipe with 
atm approximtely 
equal to l/2 area 
of eater section in 
canal. Set top of 
pipe at same «!«► 



Maximum - 

water surface^ 


Metal gata and frame 
with handwheel lift.' 1 


Maximum 
water surface. 


Wood plank,Ki>; 
headgate i r 1 ' 
stream bed-t 9 u,des 


Piank walkway— 


-Concrete 1 


Water surface at intake 


water surface 

in cmal .^7 


Culvert pipe 


Place tube on seme grade as ditch 


W - Diameter of pipe pfus 2 ft. 


upstream elevation timber gate 


ALTERNATE GATE 
INSTALLATION 


SECTIONAL ELEVATION-CENTER LINE 


Bore holes In stem to permit use of bar in raising gate. Stem should 
be strong enough to stand pounding when closing gate under pressure. 


Max. high water elevatl 



Timber gate j 
and frame —L 


PRESSURE REQUIRED TO OPERATE GATE 
f - the force required to operate gate, in pounds. 

A = tne gross area of gate in square feet. 

H - the head, in feet, from water surface to center of A 

0.6 - wood on wood 

K = the coefficient of static friction, 0>7 _ Woo<J on concr « te 
M - weight of gate in pounds. Corrected for submergence. 

To open gate: F = 62.5 hak + w 
To close gate: F - 6 2.5 HAK - W 


1 I ,< 

j ' Extend 2 feet 

Into ditch bank 


water surface at inlet 


Mfx—Concrete head wal i 


|*« Metal gate with handwheel control 
may be substituted for plank gate. 


El tv. water 
In ditch-1 


Q - CAVSgh 


Place tube on seme grade as ditch 


Figure HuL 


TYPICAL CONTROL STRUCTURE 
CULVERT TYPE 




1L-1L 
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3. DESIGN (CONT'D) 

Water Supply System (cont'd) 

Capacity. The water supply system must be designed to have adequate 
capacity to divert the required volume of water onto the spreading area 
within the period of time that storm flow occurs. This required volume 
may be computed: 


Where = Required volume to be diverted in acre-inches 
d g » Design application depth in inches 
a ■ Spreading area, in acres 

The value (diverted volume) can never be greater than the value 
V s (storm volume). In most instances it will be found most practical 
to divert somewhat less than the full storm flow. In these instances 
the required capacity of the water supply system can be computed with 
the aid of Figure lU.5. 


WATER SPREADING FLOW AND VOLUME RATIOS 


Ratio _2* 

Q 

r v 

0.000 

0.000 

0.100 

0.180 

0.200 

0.350 

0.300 

0.505 

o.Uoo 

0.635 

0.500 

0.750 

0.600 

0.8U0 

o.65o 

0.875 

0.700 

0.910 

o.75o 

0.935 

0.800 

0.955 

o.85o 

0.975 

0.900 

0.985 

o.95o 

0.995 

1.000 

1.000 


Ratio iL 

v s 

r q 

0.000 

0.000 

0.100 

0.055 

0.200 

0.110 

0.300 

0.165 

o.Uoo 

0.230 

0.500 

0.295 

0.600 

0.370 

0.650 

o.Uio 

0.700 

O.U55 

0.750 

0.500 

0.800 

0.555 

0.850 

0.610 

0.900 

0.685 

0.950 

0.780 

1.000 

1.000 


Figure lU.5 
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3. DESIGN (OONT'D) 



Capactty (cont 1 d) 


Thus, if the spreading area (a) is first determined, the required 
diversion volume (V.) can be computed and the ratio V d /V s calculated. 
The required diversion flow is then 


«d ■ v 

Where Q d ■ Required diversion flow in cfs 

r_ ■ Value from Figure ll*,5 for 
calculated ratio V d /V s 

Q ■ Peak flow from drainage area in cfs 

Contrariwise, if the diversion flow (Q d ) has been established by site 
limitations, the volume of water available for spreading can be computed. 


-i 



Where V d ■ Diverted volume in acre-inches 

r v ■ Value from Figure lU,5 for 
calculated ratio Q d /3 

V s ■ Storm runoff volume in acre-inches 


Water Disposal System 


It is necessary to make provisions for removing excess water from the 
system and returning it to the channel from which it was originally 
diverted. It may be diverted into channels other than the original if 
this can be done without causing erosion, possible damage to other 
interests or violation of state laws. The excess water may be caused 
by a heavy rain or by applying water in excess of the intake capacity 
of the soil. This excess water can be conveyed from the spreading area 
in natural channels or in constructed channels. The channels should be 
such that the water will not attain an erosive velocity. Broad, shallow 
channels with a vegetative cover are desirable. Where the spreading area 
is considerably higher than the stream, and a broad, gently sloping bank 
leading to the stream is not available, drops or chutes may be required 
to lower the water to base grade of the stream channel. 
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3. DESIGN (CONT'D) 


Flov Type Systems 

Flow type systems comprise methods that incorporate free drainage 
from the spreading area. Various methods are employed to spread the 
water and the surface water disappears from the area soon after the 
inlet flow ceases. 

Spreader Ditch Type . Spreader ditches are very useful in dis¬ 
tributing a concentrated flow of water over an area. These ditches are 
constructed so that the water surface will be very slightly above the 
field surface and no dike is utilized. The excavated material is 
usually wasted on the upstream side of the spreader. Since the capacity 
of the ditch must be reduced as the distance from the water source is 
increased, the ditch is constructed with a variable grade. Usual 
practice is to use a. grade of 0,3$ or 0.b% on the tipper end of the 
ditch and then reduce the grade to zero by equal increments of length. 

Figure lU.6 shows typical spreader ditch installations. The tipper 
ditch conveys the water onto the area, while the ditches below pick up 
the water that tends to concentrate in channels and respreads it. 

Spreader ditches on smooth slopes should not be more than 300 feet 
apart. Contour furrows between spreader ditches are helpful in keeping 
the water from channeling. 

These systems are best adapted for use with small drainage areas or 
in combination with other types of systems. They are limited to slopes 
of 5 percent or less and always on grassed areas. 

Syrup Pan Type . The syrup pan type takes its name from the old 
method used to boil sap down to syrup. In this, sap was forced to flow 
back and forth over an inclined pan. 

A typical syrup pan type water spreading system is shown in 
Figure llu 7. Usually this type system should not be installed on slopes 
over 1.2$, 

The supply canal may be constructed on the upper side of the area and 
the water delivered to the tipper contour dike by means of a spreader 
ditch or several openings in the supply canal. An inlet control structure 
or a relief spillway should be provided in the supply canal so that the 
upper contour dike will not be overtopped. 

The end openings in the contour dikes should be so proportioned that 
they will discharge the flow with a depth equal to the vertical interval 
of the dikes. Contour dikes are constructed from borrow on the lower 
side so that the cut section may serve to spread the water over the area 
below. Trail dikes should be provided at intervals not over 300 feet. 
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FLOW SYSTEM SPREADER DITCH TYPES 



Use variable grade of 
0.3' to 0.4' at upper 
end and reduce to 0.0 




Use small furrows 
to redistribute 
flow of water, if 
necessary- v 


Figure 1L.6 





SYRUP PAN TYPE WATER 


SPREADING SYSTEM 
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Vertical Interval 
High Water Elev. v 


0.5' to 1.0' Freeboard 
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3. DESIGN (CONT'D) 


Syrup pan systems are primarily adapted to small flows since large 
streams require high dikes, entailing high construction and maintenance 

I costs. 

For larger stream sizes (over 6 to 10 cfs) the area may be developed 
as two or more systems side-by-side. There Is practically no limit to 
the width of the area that can be served, providing the openings in the 
supply canal are properly distributed. 

The downslope length of the syrup pan system must be such that the 
area on which water is to be spread is correctly proportioned to the 
volume of water which can be discharged into the area during the period 

I of flood flow. 

| 

The maximum depth of water which is governed by the dike spacing and 
height Should not exceed 0.7 foot under average conditions. The free¬ 
board should not be less than 0,5 foot, so the total dike height 
generally should be about 1.2 feet. The openings through the dikes 
can be culvert pipes, orifices, or weirs similar to Figure lb. 8. 

Riprapped openings or sod openings in the dike may be used where soil 
materials are stable. 

' 1 

Dikes and Bleeder Type . A modification of the syrup pan system is 
to install many small bleeders through the dike instead of a single 
outlet. Orifice tubes made from concrete, clay, or metal pipe may be 
utilized to by-pass water from one diked area to the ones below. These 
structures should have a total design capacity equal to the application 
stream size when operating under a head equal to the vertical interval 
between the dikes. When orifice type bleeders are used, it is well to 
have a provision for an emergency wasteway to prevent damage to the 
dikes should some of the orifices become clogged with trash. 

Jj 

Figure lb.9 shows an example of a water spreading system using dikes 
with bleeders. 

| 

A still further modification of the dike and bleeder system is to use 
several openings in the dikes instead of orifice tubes. In this instance, 
the total weir flow capacity of the openings at the design depth of flow 
should equal the total stream size. Sod, riprap, or structures similar 
to Figure lb.8 may be used to protect the dikes from washing at the 
openings. 
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ELEVATION 


SECTIONAL ELEVATION 


TYPE 2 


TYPICAL DIKE WEIRS 


Figure lU.8 
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Trail Dike 


DIKE AND BLEEDER WATER SPREADING SYSTEM 


Conto ^onJ. 
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e ©ders 


Contour Dike 


tour Dike- 


Water Depth or Vertical Interval - 0.7' 


Drain ' 
Orifice 


Orifice 


High 

Water 


0.5' to 1.0' Freeboard 


rOi Bleeders Elev.—-it 

J fJ 

t— Ndt over T« 

I .2% Slope 

SECTION THRU DIKE AND BLEEDER 
Figure lU.9 
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3. DESIGN (OOUT*D) 


Detention Type Systems 

Detention type systems rely on the impounding of water over the 
spreading area to increase the opportunity time for infiltration. 
Detention type systems require manual control when the desired appli¬ 
cation has been made. When only the upper dikes are filled from a 
storm, the excess water is sometimes used in the diked areas below 
and little or none is wasted from the area. 

Detention systems are quite efficient because control of the water 
is provided and the depth of water application is not dependent upon 
the duration of flow. The principal disadvantage is that management is 
needed since they are not completely automatic in nature. On the 
tighter soils, or those on which the water intake rate is low, a 
detention type system should be used to hold the needed amount of water 
until it can enter the ground. These systems are adapted to ground 
slopes of 2 percent or less. At a maximum slope of 2 percent, the 
usual procedure is to use 2.0 feet high dikes at a. spacing of 75 feet, 
which provides a 0.5 foot freeboard and l.£ feet of water at the lower 
dike and zero water at the upper dike, or an average depth of 9 inches 
halfway between the dikes. This is not a very uniform spread of water 
by irrigation standards, but represents maximum spacings for best 
results. Increasing the spacing or height of spreader ditches and dikes 
decreases the uniformity of the water distribution. Decreasing the 
spacing makes construction costs higher but provides better water 
spreading. In some cases, the system can be modified whereby ponding 
is only provided on the lower one-half or two-thirds of the detention 
basin utilizing overland flows to irrigate the upper portion of the 
intervening area. 

Manual Inlet Control Systems . Manual inlet control systems are 
adapted for use when long duration flows are expected. They are 
particularly adapted for use when snow melt is the important source of 
water. 

In these systems, as shown by Figure lU.10, the floodwaters are 
diverted out of the dry draw by a base grade diversion or dam. The 
spreader ditches and dikes are constructed as given in the detail on 
Figure It.7. The supply ditch is laid out to carry water down the slope 
at a nonerosive velocity and to convey water to each diked area. A 
main supply ditch structure is needed as well as checks and turnouts 
for each area, to be irrigated. These structures are shown in Figure 

It. 11. 



DETENTION SYSTEM 
Manual Control Type 


Main headgate structure 
in supply ditch 


Turnout gate to 
spreader ditch- 


Supply Ditch 



7 -Check gate structure 
; in supply canal 


Figure liulO 
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ELEVATION 





NOTE: 

Make width of gat* 
equivalent to width 
of ditch Bottom. 


2 '- 0 "- 


TEZ2T 

b-■- 

PLAN 

CHECK 




Us* 2" plank 




TURNOUT 


This structure adapted for use on manually controlled system 


Figure lU.ll 


1 1 — 6 * 


W = width of ditch bottom 


Top ditch bank - 








s Place on slop* cf 1.0% which 
gives a value of app rox Imat* !,> 
5.0’ par second. Usa this 
vatua for computing capacity 
of other sizes when placed c- 
above slope. 


SECTION 



ELEVATION 


TYPICAL CHECK. TURNOUT 
AND DRAINAGE STRUCTURES 
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3. DESIGN (CONT'D) 

Detention Type Systems (contM) 

Automatic Inlet Control Systems , The automatic Inlet control system 
has the advantage that it automatically fills when runoff occurs and the 
only manual control necessary is to drain the diked areas when the 
desired Infiltration has taken place. In these systems, a metered flow 
is Introduced through an orifice structure Into each Impounding area. 

The flow depth at the inlet is so designed that when the dike becomes 
full the back water prevents further diversion. 

When the dry draw or watercourse Is wide and shallow, each dike may 
be served from a separate diversion, and metered with an orifice 
structure. When the dry draw is deep, the metered flow may be carried 
by an artificial vegetated channel from which diversions are made. 

Such a system is shown in Figure lU,12. 

This system will operate by itself if properly constructed and 
maintained. It should be considered for water spreading areas that 
are a considerable distance from the ranch headquarters. 

Automatic inlet control systems should be limited to slopes of 2 
percent or less. The dike and spreader ditch construction is the same 
as described for the manual control type of detention systems. The 
spacing of dikes is also comparable. The vegetated channel must be 
designed to carry the diverted flow from the dam in a wide shallow 
manner for the best pickup performance by the inlet grooves. 

Example 


The following example shows in detail the calculations required for 
the hydrologic analysis of a water spreading system. 

NOMENCLATURE: 

a ■ Spreading area, acres 

P n ■ Design precipitation for n-year frequency storm, inches 
R ■ Runoff from design rainstorm, inches 

A ■ Drainage area, square miles 

T c - Time of concentration, hours 

d a ■ Design application depth, inches 

q • Unit peak discharge, cubic feet per second 

Q - Peak discharge, cubic feet per second 
Qd - Diverted flow, cubic feet per second 

V s ■ Storm runoff volume, acre inches 

■ Diverted volume, acre inches 



DETENTION SYSTEM AUTOMATIC CONTROL TYPE 
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Contour Ditch 
or Borrow Are 

^/x\\w/A\y 


r 


0.5' Minimum 



^Ponded Water Surface 


SECTION A-A 


Ori ginal 
Ground- 


Top of Upper 
Contour Dike 


0.5' Minimum —, 
Max. W.S.- 



Elevation of Lower 
Contour Dike 


@0 


-Trail Dike 


WWW 


Bottom of Contour 
Ditch or Borrow Area 


Inlet Groove 
Depth of Flow 


DETAIL OF INLET GROOVE 

Figure 1U.12 
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3. DESIGN (CONT'D) 

Example (confd) 

GIVEN: 


Drainage area 

A 

■ 6 sq. mi. 

Time of concentration 

T 

* r 

■ 1.77 hours 

Maximum available size of 



water spreading area 

a 

■ lUO acres 

Soil cover complex no. of drainage 


- 75 

Expected storm rainfall 



5 yr - 20$ chance 

P 5 

■2.0 in. 

2 yr - $0$ chance 

p 2 

■ l.U in. 

1.25 yr - 80$ chance ■ 0.8 x P 2 ■ 

P 1.25 

-1.1 in. 

Type of system 


Flow type 

Soil texture on spreading area 

F 

- Mod. Fine 


SOLUTION: 

(1) Determine the design storm runoff, R, for each 
rainfall frequency from Figure 3.5 

(2) Compute the storm volume, V s , from equation 
V s - 6h0 AR 

(3) Determine the zone in which the project lies 
from Figure 3.6 

(U) Determine the unit peak discharge, q, from 
Figure 3.7. For this example q * 227. cfs 

(5) Compute the peak discharge, Q, for each 
storm frequency from the equation 

Q “ qAR 

(6) Determine the design application, d a , from 
Figure 1U.2 


(7) Compute the maximum spreading area for each 
frequency 

a -V s /d a 

(8) Tabulate the results thus 


R V s Q 


Class of System 

$ Chance 

inches 

ac. in. 

cfs 

inches 

Undependable 

20$ 

0.38 

1U60 

518 

5.2 

Questionable 

50$ 

0.17 

653 

232 

5.2 

Dependable 

80$ 

0.07 

269 

95 

5.2 


a 

acres 


HVO CM 
OO C\J 1A 
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3. DESIGN (CONT'D) 


Example (cont*d) 

From this it can be seen that if the entire flood flow can be 
diverted there is a dependable supply for 52 acres, a questionable 
supply for 126 acres and an undependable supply for 281 acres. 

Let us suppose that it was determined to divert a flow, Qd, 
equal to the peak flow, Q, for a dependable system. This is 95 cfs. 

( 9) Determine the ratio, Qd to Q 

(10) From Figure 1U.5, interpolate the values of r v 

(11) Compute the quantity of water diverted, V d 
v d " r v v s 

(12) Compute the area, a 
a - V d /d a 


(13) Tabulate the results thus 



Q 

Qd 


r v 

v s 

v d 

d a 

a 

Class of System 

cfs 

cfs 


■ ■ 

ac. in. 

ac. in. 

inches 

acres 

Undependable 

518 

95 

0.18 

0.32 

1U60 

U67 

5.2 

90 

Questionable 

232 

95 

0.U1 

0.65 

653 

U2U 

5.2 

82 

Dependable 

95 

95 

1.00 

1.00 

269 

269 

5.2 

52 


From this it can be seen that if the quantity diverted is 95 cfs, 

52 acres would have a. dependable class system, a questionable supply 
for 30 additional acres and an undependable supply for still 8 acres 
more. 

If it is desired to divert a. different stream, say 50 cfs, the following 
calculations can be made; 


<5 Q d Q d /0 r v V s v d 


Class of System 

cfs 

cfs 



ac. in 

ac, in. 

inches 

acres 

Undependable 

518 

5o 

0.10 

0.18 

1U60 

263 

5.2 

51 

Questionable 

232 

50 

0.22 

0.38 

653 

2U8 

5.2 

U8 

Dependable 

95 

50 

0.53 

0.78 

269 

210 

5.2 

U0 


This system would require a much smaller canal and yet would provide 
a dependable class system for U0 acres, a questionable class system for 
an additional 8 acres and an undependable system for another 3 acres. 

The entire lUO acres available would not be developed. 
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3. DESIGN (CONT'D) 

Development of the Water Spreading Plan 

Having designed the system to be used according to the site con¬ 
ditions, expected runoff, capacity of the main canal, application depth, 
and area to be flooded, a plan must be developed to show this information. 
The plan should include the point of diversion, location of all canals, 
spreader ditches, dikes and structures and how the excess water will be 
safely carried to a discnarge point. Much of this information can be 
shown on the master plan, which may be an overlay of the original 
topographic map. Data, sheets are needed to give essential information 
used in the design or calculations that were made. 

lu LAYOUT 

Other parts of this handbook describe the procedures to follow in 
setting line and grade stakes for construction. The system should be 
laid out so the contractor can construct it with only the layout plan, 
specifications, and structural plans for his direction, 

3. oowsTRUcnow 

Construction of a water spreading system entails principles of earth 
moving, embankment construction, and structural work. Specifications 
concerning this work are covered in other parts of this handbook and in 
practice specification guides. Specifications on each segment of the 
System should be furnished the contractor. 

Water spreading system construction may require a variety of equip¬ 
ment. Adaptable earth moving equipment includes: draglines, crawler 
type tractor and carryall scrapers, compaction rollers, blade patrols, 
side elevating graders, and many others. Refer to other parts of this 
handbook for equipment necessary for construction of reinforced concrete, 
wood, rubble masonry, or metal structures. 

A good bond is needed between the original ground and the earth in the 
dike. This can be done by stripping the base of vegetation or by plowing 
a few furrows. Fill material for dikes generally should be taken from 
the downhill side. The borrow pits should be broad and shallow. When 
construction is completed the dikes, ditches, borrow pits, and all 
disturbed areas should be seeded with an adaptable grass species. If 
plants on the area are desirable perennials, they should be disturbed 
as little as possible during construction operations. 



6. MAINTENANCE 


Proper maintenance is essential on ary water spreading system. It 
is helpful to observe the system in operation and to correct the 
defects that appear. 

Some common maintenance problems include: 

(1) Debris and silt deposits in control structures and canals. 

(2) Erosion in canals and spreader ditches. 

(3) Low spots in dikes caused by settling, overtopping, 
or wave action. 

(10 Erosion of dike weirs. 

(5) Plugging of pipe drains, 

(6) Gullying of the channel which returns excess flows to 
the original channel. 

Regular inspection and maintenance are necessary to insure proper 
operation and to correct deficiencies while they are small. 
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PART 15 
STRUCTURES 
1, GENERAL 


Definition and Use 

Most conservation plans require one or more varieties of structure to 
control the flow of water and eliminate or reduce erosion. They usually 
are used only where vegetative means are impractical for that purpose. 
Structures are particularly Important In areas of high intensity rainfall 
and in irrigated areas. They may be constructed of concrete masonry, 
wood, metal, or other approved materials depending on local conditions 
and the preference of the owner or technician. Structures vary in purpose 
and sise, according to the need. Examples of structures are drops, chutes, 
headgates, siphons, flumes, drop inlets, and spillways. The conservation 
planner must know when to use each type of structure to its best advantage. 
He must also know some of the principles of construction in order to direct 
the installation of structures. 


Most requirements for structures planned by Soil Conservation Service 
personnel can be met with a structure of standard design. 

Modifications in standard structures, such as extending or shortening 
wing walls and cutoffs to meet local conditions- may be made to a limited 
extent. Thickness of walls, location and quantity of steel, length of 
crest, etc., cannot be changed. Structures for which there is no suitable 
standard design shall be designed by a qualified engineer. An understanding 
of hydrostatic and lateral earth pressures, and other stresses, as well as 
design codes and criteria are necessary in order to design non-standard or 
"tailor-made" structures. The hydraulic design must also be such as to 
satisfy the functional requirements. Complete detailed drawings of non¬ 
standard structures are required for a permanent record. 

2. MATERIALS 


Concrete 


Concrete used for structures Should consist of a correct mixture of 
sand and gravel, or crushed stone, cement and water as covered by the 
standard specifications for concrete. 

Technicians who are doing considerable work with concrete will find the 
following publications of great value: "Concrete Manual", USDI, Bureau of 
Reclamation; "Design and Control of Concrete Mixture", published by 
Portland Cement Association. 
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2. MATERIALS (OONT'D) 



Concrete (confd) 

Structures Bade of good concrete have the properties of strength, 
rigidity, long life, non-eroslveness, and fire resistance. 

Good concrete is high in compressive strength or its ability to 
resist crushing. It is relatively veak in tensile strength or its 
ability to resist bending. It is normally necessary to conbine reinforcing 
steel with concrete to overcome its weakness in tension. 

External forces caused by earth or water pressures, dead load of the 
structure itself and expansion and contraction due to temperature, cause 
tensile stresses in concrete structures. 

Concrete structures to be located in areas of highly concentrated 
alkali salts require special consideration. In such areas of "hot" soils, 
or in areas where the water is strongly alkaline, it is necessary to use 
Type V cement in the concrete mixture. In areas where concentrations of 
these corrosive salts are moderate. Type II cement should be used. 

The use of thin-vall concrete structures, such as ditch lining and 
concrete pipe, in areas of highly concentrated alkali salts Should be 
avoided, Vhere structures have intermittent flows or have surfaces 
exposed to the weather, consideration should be given to the use of air 
entrained concrete. 

Vhere a large volume of concrete is to be poured, such as a large 
structure or an extensive length of ditch lining, the mix should be carefully 
designed and tested to meet the needs of strength, durability, and water 
tightness. No additives should be used to prevent freezing. 

When only a small quantity of concrete is to be placed, such as that 
needed for five one foot irrigation drops, additional cement may be used 
to insure strength and durability rather than going to the expense of 
testing the concrete mixture. Aggregates of known characteristics are 
used whenever possible. 

Wood 

Wooden structures, especially those which have been treated with a 
preservative as set forth under the specifications for this section of the 
handbook are satisfactory. 

In areas where treated lumber may be purchased locally and alkali is 
a serious problem, wooden structures may have an advantage over other 
materials. Wooden structures may be prefabricated and are easily and 
simply installed as compared to building forms for a concrete structure. 

They are relatively inexpensive, do not crack, and are not subject to 
deterioration by alkali salts. Structures made of wood are subject to 
destruction by fire, termites, and rot. These hazards usually make wood 
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Wood (cont t d) 


2. MATERIALS (00MT»D) 


structures relatively short lived as conqaared to concrete. A structure of 
well preserved wood normally should last from 10 to 20 years, depending on 
the kind of wood and type of treatment used. 

Metal 

Structures made of metal have the advantage of being prefabricated by 
the manufacturer so that the user is confronted only with the problems of 
installing and preserving it. Flumes, siphons, Parshall flumes and weirs, 
pipe drop structures, pipe drop inlets, alfalfa gates, turnouts, and slide 
gates, are examples of metal structures used frequently in irrigated areas. 
Catalogs published by the manufacturer describe the operating conditions 
under which most of these structures are used. Also included are specifi¬ 
cations, accessories, and tips on installation. Parshall flumes should be 
made of galvanized steel or of heavy steel plate that is treated with a 
protective coating. 

Asphalt is used extensively for waterproofing and as a hot-dip coating 
for metal pipe. As a hot-dip material, it is better adapted for factory 
application. For field application, cold-applied cold-tar paints are 
used. They must be applied in relatively thin coats, thus a number of 
applications must be made to build tip film thickness comparable to that 
obtained with hot coatings. Coal-tar emulsions should not be used as a 
protective coating for submerged metal work. Red lead prime coats covered 
with aluminum paint are satisfactory for small gates and other alternately 
exposed and submerged metalwork of canal structures. Methods of protective 
coatings for metal structures are set forth under the specifications for 
this section of the handbook. 

Masonry 

Native rock or precast concrete block masonry is sometimes used for 
structures where low cost of materials is of primary importance. The use 
of such material is limited to small, low structures where tensile 
strength is not required. These structures should be confined to site 
locations having well drained foundation conditions to avoid breaking up 
by frost action. 

Precast block construction is limited to blocks made of concrete. 

Other blocks made of cinders or pumice stone are very permeable and may 
cause saturation of the surrounding earth and ultimate failure due to 
piping of water flow under and around the structure. 



2. MATERIALS (CONT’D) 


1$-U 


Plastics 

For certain types of structures, such as pipe lines, plastics are 
coming into use. Plastic pipe can be the answer where corrosive soil 
conditions prohibit the use of metal or where the danger of failure 
through freezing of flow cannot otherwise be overcome. 

3. CONSTRUCTION METHODS 

Concrete Structures 

The use of concrete in structure work can result in a satisfactory or 
an unsatisfactory product, depending upon the degree of attention and 
planning given to the basic principles of construction. 

Mixing . After a correct design of concrete mixture has been determined 
it is necessary to convert the dry ingredients to a plastic state for final 
placement. Normally, this mixing operation is achieved by a power driven 
mixer consisting of a rotating drum. The dry ingredients, cement, sand 
and gravel, should be mixed thoroughly before addition of the water.. 

Mixing action should not be less than l£ minutes of time. Small quantities 
of concrete are sometimes mixed by hand on a large mixing board or in a 
box. The same general principles are followed when using this method as 
when using a mechanical mixer. The dry ingredients are mixed first by 
turning with shovels. The water is then added to a crater formed in the 
dry mixture after which mixing continues by folding dry material into the 
water. 

If special additives such as air entraining agents are used, they 
should be placed in the mixture at the same time or immediately after all 
the water is added. Air entraining agents are often included in the 
cement when manufactured. 

Placing . Concrete should be placed as closely as possible to its final 
position. If placed in large quantities at a given point and worked over 
a long distance in the form, segregation of materials will result. Concrete 
should be placed in horizontal layers from 6 inches to 12 inches thick for 
reinforced members and up to 18 inches thick for mass work. Concrete must 
not be dropped freely through reinforcing or against forms from heights 
greater than 5 feet. After placement, concrete should be vibrated, spudded, 
or otherwise compacted to remove entrapped air. 

Curing . Concrete must be protected so that moisture is not lost during 
the early stages of hardening. It must be kept at a temperature that will 
promote hydration. It can be kept moist by leaving forms in place, 
sprinkling and ponding, use of moisture retention covers such as burlap or 
cotton quilts, well moistened backfill, and curing compounds. In hot 
weather, precautions must be taken to avoid high temperatures in the fresh 
concrete and to avoid rapid drying. Subgrades should be saturated some 
time in advance and sprinkled Just ahead of the placing operation. Concrete 
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3. CONSTRUCTION METHODS (OONT'D) 
Concrete Structures (confd) 


Curing (cont t d) 

should never be placed on a frozen subgrade. Concrete must be protected 
from low temperatures by heating the water or the aggregate or both, and 
protecting it after it is in place. The air surrounding fresh concrete 
should be maintained at 50 degrees F. or above for the first five days 
for best results. 

When cracks appear in concrete structures they should be sealed with 
mastic type joint sealing compound. This compound is usually applied with 
calking equipment or a trowel. Joints Should be clean and the surface dry 
before filling from bottom to top. 

Forming . Forms must be strong enough to support the concrete while 
it is plastic and to carry the live loads incidental to the construction 
operation. They must be securely placed and braced so as to give true 
finished dimensions and surfaces to the concrete. Spacer blocks are used 
to hold the faces the required distance apart. Ties are used to prevent 
the forms from spreading while being filled. Several form ties have been 
developed which permit removal of a portion of the ties for a depth of one 
to two inches from the surface. The holes are patched upon removal of the 
forms. 

Joints, The junction of two successive concreting operations in 
members intended to act monolithically is called a construction joint. 
Construction joints should be located in regions of low shear and low 
beading moment. They are used when the job cannot be completed without 
stopping the operation of pouring the concrete. Joints should be made 
straight, exactly horizontal or exactly vertical. When the fresh concrete 
is placed on the hardened concrete, the hardened concrete should be clean, 
moist, free of laitance, and reasonably rough. 

Wooden Structures 


In general, small wooden structures are constructed and assembled before 
being placed in final position of use. However, if a structure is too large 
or heavy to handle easily it may be constructed in sections or panels and 
assembled in final position by joining the component sections in their 
proper place. 

Wherever facilities permit, the individual pieces making up a wooden 
structure should be treated with the specified preservative after all saw 
cuts and shaping have been made. This eliminates unprotected ends which 
result if a previously treated piece is cut. Pressure treatment of wood 
structures should be given preference over other methods of preservative 
application. 
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3. CONSTRUCTION METHODS (OONT'D) 

Wooden Structures (cont»d) 

All lumber shrinks or swells to some degree when exposed to alternate 
wetting and drying. Cracks between individual boards of a wooden 
structure cause leakage and may start piping around the structure. This 
can be overcome by use of batting strips on plain lumber or by use of 
tongue and groove lumber. 

Metal Structures 


Metal structures are normally made by professional fabricators and 
present no problems in themselves. Care must be taken to see that all 
surfaces of metal structures are covered with the specified protective 
coating before installation. Extra care must be taken in thoroughly 
compacting earth backfill around smooth metal surfaces to prevent hydraulic 
piping. 

Masonry Structures 

Masonry construction frequently presents problems of structure failure 
due to foundation movement through settlement or frost heaving. Earth 
foundations must be thoroughly compacted before placing masonry structures. 
Rocks and stones used in rubble masonry should be placed in a bed of 
mortar. Masonry should seldom be constructed by first placing a layer of 
rock and then attempting to fill the void spaces with mortar. This 
procedure without special measures results in a weak and poorly bound slab. 

Construction of low vertical walls with rubble masonry is usually 
accomplished by hand placed mortared joints, the same as in bricklaying. 

Concrete block structures should be placed on a foundation of 
previously poured concrete. The concrete blocks should be thoroughly 
wetted immediately before use to secure a good bond and to avoid dehydration 
of mortar. 

Plastic Pipe 

Installation of plastic pipe and fittings should be made in accordance 
with the manufacturer^ directions and recommendations. 

U. MAINTENANCE 

All structures need maintenance to prolong their life and thus reduce 
replacement cost. Owners should be urged to inspect structures at least 
once annually and at other opportune times. Cracks that develop should be 
sealed, protective coatings applied where needed, and modifications, riprap 
or repairs made where and when they are necessary. Often a small repair 
job will prevent a large repair job or even complete failure later on. 
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5. EQUIPMENT 

Equipment needed for most small structures constructed by farmers or 
ranchers is simple. Hand tools such as hammers, saws, picks and shovels, 
concrete mixer, and facilities for hauling materials and barrels for 
water are necessary. Where anything more than very simple forming is 
required, a carpenter is necessary to build and set the forms correctly. 
Where a large number of small irrigation structures are contemplated, it 
is wise to build a set of steel forms that can be used repeatedly and will 
greatly speed the work. Forms or templates can be made for ditch lining, 
however, metal slip forms are recommended where there is any appreciable 
amount of ditch lining. 

Larger structures require heavy equipment not available to farmers. 
Such jobs are usually constructed under contract by a contractor. 
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PART 16 
HYDRAULICS 
1. GENERAL 


Introduction 

The purpose of this section is to provide Work Unit Staffs with suffi¬ 
cient reference to fundamentals, formula and tables of hydraulics that the 
more simple problems of open channel flow, weir flow, orifice and pipe flow 
may be solved by persons not especially trained in engineering. For the 
more complicated hydraulic problems, it is taken for granted they will be 
referred to engineers for solution. A more complete and detailed expan¬ 
sion of the material presented in this section may be found in Section 5, 
"Hydraulics", National Engineering Handbook or "Handbook of Hydraulics", by 
H. W. King. 

As a means of simplifying mathematics and providing many of the coeffi¬ 
cient needed to solve hydraulic equations, various tables and nomographs 
have been developed. Such material appropriate for the scope of this sec¬ 
tion have been included or referred to in other publications. 


2. OPEN CHANNEL FLOW 


Definition 

An open channel is any conduit in which water flows with a free surface. 
Pipes and tiibes are classed as open channels when flowing partially full. 
The basic formula involving flow is: 

Q ■ av where: 

Q ■ Quantity of water discharged in cubic feet 
per second (c.f.s,). 

a * Cross-sectional area of the stream carried 
by tne channel in square feet. 

v ■ Velocity of flow in feet per second. 


Open Channel Formulas 

Many studies and evaluations regarding open channel flow have been made, 
As a result of this work, many empirical formulas have been developed for 
the solution of open channel flow. For the purposes of this part of the 
handbook, only one of these will toe covered. This open channel formula is 
known as "Manning’s Formula", and was developed by Robert Manning in the 
year 1890, It is expressed as follows: 
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2. OPEN CHANNEL FLOW (COMT'D) 

Open Channel Formulas (cont'd) 

Manning Formulas v ■ 1.U86 r^/3 s l/2 

n 


Where: (v) Is the velocity of flow In feet per second. 

(n) Is a coefficient of roughness of the channel. Figures 
16.3-1 and 2 give values of "n" for various channel 
conditions. 


(r) is the hydraulic radius. The hydraulic radius of a 
conduit is the area of a cross-section of the channel 
at the depth of the stream which it carries divided 
by the wetted perimeter. The wetted perimeter (p) 
is the length along the wetted sides and bottom of 
the cross-section. All units are in terms of feet, 

r ■ a 
P 

(s) is the slope. It is the slope of the water surface, 
and under conditions of uniform flow is the same as 
the grade of the channel, in steep sections. The 
value of "s" is expressed in feet of fall per foot of 
length of channel. 


The solution of this formula is not simple and is frequently solved by 
use of tables or graphs. 


Figure 16.1 is a chart developed for the solution of Manning's Formula. 
Tables applicable to the solution of channel flow can be found in Hydraulic 
Tables, by the Corps of Engineers, U. S. Army, Discharge capacities of 
canals for a limited range of cross-sectional areas are given in Figures 
16.U-1 through 5, 


In the solution of Manning's Formula by any means, care must be exer¬ 
cised in selecting the coefficient of roughness "n" since an erroneous 
value can greatly affect the resulting computed velocity and quantity of 
flow. For purposes of designing, it is suggested that intermediate values 
of Figures 16,3-1 and 2 be used. When in doubt as to proper selection, an 
engineer should be consulted. 

Example of Open Channel Flow Determination. The solution of the fol- 
lowing example is presented for the conditions stated in Figure 16.2. 
Determine the capacity (Q) in c.f.s., for the following ditch: 




OPEN CHANNEL FLOW (CONT'D) 


i Channel Formulas (cont * d) 

Example of Open Channel Flow Determination (cont'd) 


Bottom width 
Side slopes 
Depth of flow 
Coefficient (n) 

Slope 0,3 foot per 100 feet 


6 feet 
2:1 

1 foot 
0.03 
0.3 • 

100 


,003 ft. per ft. 


Solution by use of Hydraulic Tdble (Corps of Engineers): 

From the Tables, it is found that a ditch having the given dimensions 

has an area of 8 sq, ft., and a hydraulic radius of 0.76. From the Tables 

for an fl n" value of 0,03 and a slope of n s n of ,0030, the velocity corre¬ 
sponding to an "r" value of 0.80 is 2.3U. By interpolation: 

0.80 - 0.60 - 0.20} 2.3U - 1.93 - O.Ul} 0.76 - 0,60 - 0.16 

v - 0.16 x O.Ul + 1.93 ■ 2.26 ft. per sec. 

0.20 

then: Q ■ av ■ 8 x 2.26 ■ 18.1 c.f. s. 

Solution by use of mathematical computation: 


a, the area of the cross section is: 

6 ft. ♦ 10 ft. x 1 ft. - 8 sq. ft. 

2 

p, the wetted perimeter of Figure 16.2 is obtained as follows: 

Lengths OX and YZ form the side slopes of the cross section 
and are equal to each other. 

The length OX (or YZ) may be obtained by solving for the 
dimensions of a right triangle formed by the side slope, the 
water surface and an imaginary vertical line extended upward 
to the water surface from point X or Y. The dimensions of 
these legs of the right triangle are determined by the hori¬ 
zontal and vertical ratio of the given slope. By applying 
the geometric theorum that the square of the hypotenuse (OX 
or YZ) of a right triangle is equal to the sum of the squares 
of the other two sides of the triangle, the following results 
are obtained: 



VALUES OF ROUGHNESS COEFFICIENT, n 


Type of Conduit and Description 

Values of n 

Refer¬ 

ences 

Min. 

Design 

Max. 

Pipe 

Cast-iron, coated 

0.010 


o.oiU 

1 

Cast-iron, uncoated 

0.011 


0.015 

1 

Wrought iron, galvanized 

0.013 


msmm 

1 

Wrought iron, black 

0.012 


0.015 

1 

Steel, riveted and spiral 

0.013 

0.015 - 0.017 

0.017 

1 

Corrugated 

0.021 

0^02$ 


2 

Wood stave 

0.010 

0.012 - 0.013 

0.014 

1 

Neat cement surface 

0.010 


0.013 

1 1 

Concrete 

0.010 

0.011 - 0.017 

0.017 

mxm 

Vitrified sewer pipe 

0.010 

0.013 - 0.015 

0.017 

i i 

Clay, common drainage tile 

0.011 


0.017 

i 

Lined Channels 

Metal, smooth semicircular 

0.011 


0.015 

m 

Metal, corrugated 

0.0228 

0.025 

0.025 

2 

Wood, planed 

0.010 

0.012 

0.015 

1,5 

Wood, unplaned 

0.011 

0.013 

0.015 

1,5 

Neat cement-lined 

0.010 


0.013 

1,5 

Concrete 

0.012 

■iiiiwiiini 

0.018 

1,5 

Cement nibble 

0.017 


0.030 

1,5 

Vegetated, small channels, shallow depths 

Bermuda grass? long - 13", green 

0.042 



3 


0.035 


■*FE« 

3 

Short - 3", green 

0.034 


■ ■ 

3 

Short - 3", dormant 

0.034 



3 

Sericea Lespedeza; long - 16", green 

0.076 


0.22 

3 

Long - 16", dormant 




3 

Short - 2", green 

0.033 



3 

Short - 2", dormant 

0.034 



3 

Unlined Channels 

Earth; straight and uniform 

0.017 

0.0225 

0.025 

1 

Dredged 

0.02$ 

0.0275 1 

0.033 

1 

Winding and sluggish 

0.0225 

0^25 

0.030 

1 


Figure 16.3-1 
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VALUES OF ROUGHNESS COEFFICIENT. 

n (OONT *D) 

Type of Conduit and Description 

Values of n 

Refer¬ 

ences 

Min. 

Design 

Max, 

Unlined Channels (cont’d) 

Earths straight and uniform (cont*d) 





Stony bed, weeds on bank 

0.02$ 

0.035 

o.ouo 

i 

Earth bottom, rubble sides 

0.028 

0.030 - 0.033 

0.035 

i 

Rock cuts; smooth and uniform 

0.025 

0.033 

0.035 

i 

Jagged and irregular 

0.035 


0.045 

i 

Natural Streams 

(1) Clean, straight banks, full stage, no rifts or 
deep pools 

0.025 


0.033 

u 

(2) Same as (l) but more weeds and stones 

0.030 


o.ouo 

i,U 

(3) Winding, some pools and shoals, clean 

0.033 


o.oU 5 1 

1.4 

(4) Same as (3), lower stages, more ineffective slopes 
and sections 

0.040 


0.055 

1,4 

(5) Same as (3] 

I, some weeds and stones 

0.035 


o.o 5 o 

1,4 

(6) Same as (1L 

stony sections 

0.0U5 


0.060 

1.4 

(7) Sluggish reaches* rather weedy* very deep pools 

0.050 


0.080 

1.4 

(8) Veiy weedy reaches 

0.075 


o.i 5 o 

1.4 


REFERENCES: 

1. "King»s Handbook", pp. 182 and 268. 

2. "Hydraulics of Corrugated Metal Pipes", by H. M. Morris, St. Anthony Falls Hydraulic 

Laboratory, University of Minnesota. 

3. Flow of Water in Channels Protected by Vegetative Linings", by W. 0. Ree and V. J. Palmer; 

and USDA Technical Bulletin No. 967, February 19U9* 

4. "Low Dams", by National Resources Committee, U. S. Government Printing Office, 

Washington, D. C., pp, 227-233. 

5. "The Flow of Water in Flumes", by Fred C. Scobeyj USDA Technical Bulletin No, 393, Dec. 1933. 

6. "Hydraulic Studies of Twenty-four Inch Culverts", studies by St. Anthony Falls Hydraulic 

Laboratory, University of Minnesota; The American Concrete Pipe Association; and the 
Portland Cement Association. 

7. "The Flow of Water in Irrigation Channels", by Fred C, Scobey, USDA Bulletin 194, 191U. 

8. "Flow of Water in Drainage Channels", by C. E. Ramser, USDA Technical Bulletin No. 129, 1929. 

9. "Some Better Rutter’s Formula Coefficients", by R. E. Horton, Engineering News, February 24, 

May 4, 1916. 
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IRRIGATION DITCH SECTIONS WITH REQUIRED LATERAL BEDS 
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DISCHARGE CAPACITY OF CANALS 
Based on Manning 1 s Formula 

n - .035 
Side slopes l£t1 
Bottom width h feet 


d ■ ft, a ■ sq. ft. v ■ ft/sec, Q ■ cu, ft/sec. 


Depth 

of 

Water 

Area 

(a) 

Slope in Feet per 100 Feet 

.10 

.15 

.20 

.30 

.1*0 

.50 

V 

Q 

|^| 

Q 

H 

Q 

V 

Q 

V 

Q 

n 

mm 

.8 

U .16 







1.65 

6.86 

1.91 

7.91* 

2. lit 

8.90 

1.0 

5.50 





1.52 

8.36 

1.86 

10.23 

2.15 

11.82 

2.1*1 

13.25 

O 

6.96 



1. U 6 

10.16 

1.69 

11.76 

2.06 

llu3U 

2.39 

16.63 



BO 

8.5U 



1.57 

13.U1 

1,82 

i5.51i 

2.23 

19.0U 

2.59 

22.12 



■9 

10. 2 U 

1.38 

1U.13 

1.69 

17.31 

1.96 

20.07 

2.1 t 0 

21*. 58 





1.8 

12.06 

1.U7 

17.73 

1.80 

21.71 

2.08 

25.08 

2.55 

30.75 





2.0 

lii .00 

1.56 

21.8 U 

1.91 

26.7k 

2.20 

30.80 








Figure 16.U-2 









































































DISCHARGE CAPACITY OF CANALS 
Gased on Nanning’s Formula 

n • .035 

Side slopes l£:l 
Bottom width 6 feet 


d ■ ft. a ■ sq. ft, v ■ ft/sec. Q ■ cu. ft/sec. 


Depth 

of 

Water 

Area 

(a) 

Slope In Feet per 100 Feet 

.10 

.15 

.20 

.30 

.40 

.50 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

.8 

5.76 







1.74 

10.02 

2.01 

11.58 

2.25 

12.96 

1.0 

7.50 





l.6l 

12.07 

1.96 

14.70 

2.27 

17.02 

2.54 

19.05 

mm 

9.36 



1.54 

1U.U1 

1.78 

16.66 

2.18 

20.40 

2.52 

23.59 



mm 

11.34 



1.67 

18.94 

1.94 

22.00 

2.37 

26.88 





■a 

13.44 

1.47 

19.76 

1.79 

24.06 

2.07 

27.82 

2.43 

34.14 





1.8 

15.66 

1.56 

24.43 

1.91 

29.91 

2.20 

34.45 







2.0 

18.00 

1.45 

29.70 

2.02 

36.36 

2.33 

41.94 







2.2 

20. 46 

1.74 

35.60 

2.1.3 

43.58 









2.4 

23.0U 

1.82 

41.93 

2.22 

51.15 









2.6 

25.74 

1.89 

U8.65 




■1 







2.8 

28.56 

1.97 

56.26 












Figure 16.4-3 
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DISCHARGE CAPACITY OF CANALS 
Based on Manning's Formula 

n - .035 

Side slopes l£:l 
Bottom width 8 feet 


d - ft. a ■ sq. ft. v • ft/sec, Q ■ cu. ft/sec. 


Depth 

of 

Water 

Area 

(a) 

Slope in Feet per 100 Feet 

.10 

.15 

.20 

.30 

.40 

.50 

V 

Q 

V 

Q 

mm 

Q 

V 

Q 

mm 

Q 

sm 

Q 

1.0 

|9.50 





1.67 

15.86 

2.03 

19.29 

2.35 

22.32 



■a 

11.76 



1.58 

18.58 

1.83 

21.52 

2.25 

26.46 





D 

14.14 

l.4i 

19.94 

1.73 

24.46 

2.00 

28.28 

2.45 

34.64 





d 

16.64 

1.53 

25.46 

1.87 

31.12 

2.15 

35.78 







1.8 

19.26 

1.62 

31.20 

1.99 

38.33 

2.30 

44.30 







2.0 

22.00 

1.72 

37.84 

2.11 

46.42 









2.2 

21*. 86 

1.81 

45.00 

2.21 

54.94 









El 

27.84 

1.89 

52.62 

2.31 

64.31 









2.6 

30.94 

1.97 

60.95 











2.8 

34.16 

2.05 

70.03 












Figure 16.4-4 
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DISCHARGE CAPACITY OF CANALS 
Based on Manning's Formula 

n - .035 

Side slopes l£:l 
Bottom width 10 feet 


d - ft, a ■ sq. ft, v * ft/sec, Q ■ cu, ft/sec. 


Depth 

of 

Water 

Area 

(a) 

Slope in Feet per 100 Feet 

.05 

.10 

.15 

.20 

.30 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

mvm 

16.9U 



1.1*1* 

2U.39 

1.78 

30.15 

2.06 

31*. 90 

2.52 

1*2.69 


19.81* 



1.52 

31.15 

1.92 

38.09 

2.21 

1*3.85 



1.8 

22.86 

1.18 

26.97 

1.67 

38.18 

2.05 

1*6,86 

2.37 

51*. 18 



2.0 

26.00 

1.2U 

32.21* 

1.77 

1*6.02 

2.16 

56.16 





2.2 

29.26 

1.31 

38.33 

1.86 

51*. 1*2 

2.28 

66.71 





El 

32.61* 

1.37 

'1*1*. 72 

1.93 

63.00 

2.38 

77.68 





2.6 

36.11* 

1.1*3 

51.68 

2,01* 

73.73 







2.8 

39.76 

1.1*8 

58.8U 

2.11 

83.89 







3.0 

1*3.50 

1.56 

67.86 









3.2 

1*7.36 

1.61 

76.25 










Figure 16.U-5 
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2. OPEN CHANNEL FLOW (OOMT'D) 

Open Channel Formulas (cont'd) 

Example of Open Channel Flow Determination (cont'd) 

(OX) 2 - l 2 + 2 2 

■ 1 i+ U ■ 5* 

OX ■ (5)z or the square root of 5* 

From any table of square roots of numbers: 

OX - 2.236' - YZ 

Then: OX + Bottom width + YZ ■ Wetted Perimeter, p 

2.236' + 6' + 2.236' - 10.1*7' 


The hydraulic radius is: a 

P 


10.U7' 


- 0.76 - r 


With this information the solution of Manning's Formula is 
carried out: . . 

v ■ 1.U86 r 2 ' 3 s l/2 

n 

“ x O. 76 2 / 3 x .003 1 / 2 

.030 

By division and from any tables of powers or roots of numbers 
(King's Handbook of Hydraulics) 

V • 1*9. £3 x .932 x .051*77 - 2.26 f.p.s. 

Q ■ av ■ 8 x 2.26 ■ 18.1 c.f.s. 

Solution by use of Graph Figure 16.1: 


By use of tables or by mathematical means determine the cross sectional 
area and the hydraulic radius of the channel under consideration. Select 
the proper coefficient of roughness, "n" from Figure 16.3-1 and 2. 

Enter Figure 16.1 on the left side and locate the required hydraulic 
radius value. Locate the required coefficient of roughness value on the 
vertical scale immediately to the right. With a straight edge placed on 
these two points, extend a line to the vertical pivot line in the center 
of the graph. Connect this latter point to the desired slope value on the 
vertical scale on the right side of the graph with the straight edge. Read 
the velocity, v on the vertical scale immediately to the right of the pivot 
line at the point where the straight edge crosses. With this .value of 
velocity, apply the fundamental equation of hydraulic flow Q ■ av to deter¬ 
mine the quantity of flow. 


If it is desired to determine the design of a channel from a known 
quantity of flow, n factor and slope, the proper hydraulic radius may be 



2, OPEN CHANNEL FLOW (POUT'D) 


Open Channel Formulas (confd) 


Example of Open Channel Plow Determination (cont'd) 

determined by working backward from the above procedure. This holds true 
also if quantity, n factor, velocity and hydraulic radius are known and it 
is desired to determine the slope of a channel. 

Limitations 

In dealing with problems of open channel flow, there are limitations 
which must be taken into consideration. It is recognised that one of the 
first items to be considered in soil conservation work is that of erosion 
resulting from such flow. It is further easily recognised that erosion by 
such means is a direct result of the relationship between the velocity of 
the flow of water and the material of the channel in which the flow occurs. 

The ideal open channel design in natural materials will carry the maxi¬ 
mum quantity of flow at a velocity where channel erosion is a minimum, but 
will have sufficient velocity to avoid deposition of silt which may be in 
suspension in the water or to discourage growth of aquatic plants such as 
moss. Figure 16.£ is a listing of permissible velocities of open channel 
flow for various natural materials. 

Critical Flow 

Critical flow is a term used to describe open channel flow when certain 
relationships exist between energy head, discharge and depth of flow. Crit¬ 
ical flow exists when the discharge is the greatest for a given energy head r 
measured from the bottom of the channel or conversely, the energy head is a 
minimum for a given discharge. The technical coverage of these facts are 
beyond the scope of this handbook. For such information, reference is made 
to Section £, "Hydraulics" of the National Engineering Handbook. 

As flow approaches critical velocity, it is very turouient and unstable. 
If velocities are planned to be near critical velocity in ditch or canal 
sections, an additional free board should be provided to give protection 
against overtopping from excessive wave action. 

In most open channel spillway conditions confronting the field techni¬ 
cian it is essential that he know what will control the amount of discharge 
through the spillway under given physical conditions. In other words, 
determination must be made if the spillway layout is such that critical 
flow or open channel sdbcritical flow will govern the maximum amount of 
discharge under a given water surface elevation in the pool area at the 
entrance of the spillway. 

Flow in Open Channel Spillways 


The flow of water through open channel spillways is an important 
problem often confronting service personnel. In general, when dealing 


SAFE VELOCITIES - Open Channel Flow 

in Erodible Material 


Nonvegetated Channels 


Noncolloidal sandy or silty loan 

“ 3*0 f#p#s# 

Ordinary loam 

* 3#5 f#p#s# 

Colloidal Clay 

-3#0 — !>#0 f.p#s # 

Fine gravel 

f#p#s* 

Coarse gravel 

-U.0 — 6#0 f#p«s# 

Cobbles, Shales, and hardpans 

_ — 6# 5> f#p# S # 

Vegetated Channels 

(Refer to Fig, 5.13 , Pg, 5*23, Engineering Handbook for 

Work Unit Staffs.) 


Figure 16,5 
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2. OPEN CHANNEL FLOW (OOffPD) 

Flow In Open Channel SpAllways (contM) 

with such a spillway either one of two hydraulic conditions will govern 
discharge* 

If the spillway is constructed such that its operation throughout the 
length of its course causes uniform flow conditions, the solution of dis¬ 
charge is obtained by application of open channel determinations given in 
the preceding part of this section* If, on the other hand, the spillway 
is so constructed that non-uniform flow conditions will exist, the hy¬ 
draulics of discharge become considerably more involved* Such a con¬ 
dition would be obvious if the gradient of the spillway course were to be 
suddenly steepened* The existance of this condition in spillways is 
generally unavoidable, therefore a basic understanding of critical flow is 
essential if discharge problems are to be solved* 

Figures 16*6-1 to 16*6-6 inclusive are head-discharge curves for use 
in designing grassed emergency spillway for dams* Figures 16*6-1 and 
16*6-2 are head-discharge cturves for stib-critical spillway outlet with 
slopes of 0.5 and 1.0 percent. Figures 16.6-3 to 16.6-6 inclusive are for 
spillways with outlet slopes equal to or greater than critical slope* 

Critical slope is a function of discharge. When the unit discharge is 
increased the critical slope value is decreased. In using these curves, 
the permissable error will not be exceeded if the super-critical flow 
curves are used for spillway outlet slopes of 1.3 percent or greater. 
Therefore, use Figures 16.6-3 through 16.6-6 for spillway outlet slopes of 
1*3 percent or greater; Figure 16.6-2 for outlet slopes of 0.8 percent to 
1*3 percent; and. Figure 16*6-1 for outlet slopes from 0.5 percent to 0*8 
percent* 

Figure 16.7-1 gives depth-discharge relationships for various slopes of 
the outlet channel of the emergency spillway. Figure 16.7-2 gives velocity- 
discharge relationships at the control section of the emergency spillway. 

In using these curves it is first necessary to determine the permissable 
velocity at the control section. This can be confuted from information 
supplied in SCS Technical Publication 6l, "Handbook of Channel Design for 
Soil and Water Conservation", or from some other source. The following 
example describes the application of the curves: 

Problem: It is desired to design an emergency spillway with 2:1 side- 

slopes to carry a peak flow of 223 c.f.s. It was noted from site topogra¬ 
phy that the spillway will have an inlet slope of -0.01, a total length of 
190 feet, a 90 foot level crest length, and an outlet slope greater than 
critical. (See sketch) 
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Hp« Difference in elevation between 
the crest at the control section 
and the water surface in the 
reservoir, in feet. 

L • Total length of spillway from 
control section to reservoir, 
in feet. 

So* Slope of outlet section, in 
feet per foot. 


Hp( ft.) 


Figure 16.6-1 - 


HEAD DISCHARGE CURVES FOR I FT. WIDTH OF EMERGENCY SPILLWAY 

(Based on Manning's "n" of 0.040) 


5,1-16,437-1(7) 
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Hpr Difference in elevation between 
the crest at the control section 
and the water surface in the 
reservoir, in feet. 

L c Total length of spillway from 
control section to reservoir, 
in feet. 

So= Slope of outlet section in feet per foot 


Figure 16.6-2 - 


1.5 • 2.0 2.5 3.0 3.5 

Hp(ft.) 

HEAD DISCHARGE CURVES FOR I FT. WIDTH OF EMERGENCY SPILLWAY 

(Based on Manning's *n* of 0.040) 


5, 1 .- 16 , 437 - 2 ( 7 ) 
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Hp = Difference in elevation between 
the crest at the control section 
and the water surface in the 
reservoir, in feet. 

L = Total length of spillway from 
control section to reservoir, 
in feet. 

$e= Slope of inlet section. 

So= Slope of outlet section in feet per foot 

Sc-Critidal slope 
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Figure 16.6-3 - HEAD DISCHARGE CURVES FOR I FT. WIDTH OF EMERGEHCY SPILLWAY 

(Based on Hanning's *n” of 0.040) 
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1.0 1.5 2.0 2.5 3.0 3.5 


Hp(ft.) 

Figure 16.6-4 - HEAD DISCHARGE CURVES FOR I FT. WIDTH OF EMERGENCY SPILLWAY 

(Based on Manning's "n* of 0.040) 


5,L-16.437-4(7) 
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the crest at the control section 
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Figure 16.6-* - HEAD DISCHARGE CURVES FOR I FT. WIDTH OF EMERGENCY SPILLWAY 

(Based on Manning's "n" of 0.040) 


5, L-16,437-5 (7) 
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Figure 16.6-6 - HEAD DISCHARGE CURVES FOR I FT. WIDTH OF EMERGENCY SPILLWAY 

(Based on Manning's "n" of 0.040) 


5, L-16,437-6(7) 
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2. OPEN CHANNEL FLOW (CONT'D) 


Flow In Open Channel Spillways (cont'd) 

The permissible velocity was found to be 5.2 f.p.s. 

Solution: Entering Figure 16,7-2 with a velocity of 5.2 f,p,s,, and 

using the appropriate curve, (S 0 5 S c ), the discharge, (q), per foot of 
width is found to be U.U c.f,s. The necessary head, (Hp), to produce this 
discharge, (q), can be determined as follows: 

Step 1, Since the given level crest length is 90 feet and the level 
crest length on Figure 16,6-3 is 50 feet, subtract UO feet, (90-50), from 
the given length to obtain an adjusted length. The adjusted length then 
equals 190 feet minus UO feet ■ 150 feet. 

Step 2, Enter Figure 16,6-3 with a length of 150 feet and q ■ U»U 
c.f,s,, and find Hp ■ 1.7U feet. 

Step 3, From Figure 16,6-6, with q ■ U.U c.f.s,, Cbtain following: 

For a crest length of 50 feet, Hp ■ 1.59 feet 

For a crest length of 90 feet, Hp ■ 1,72 feet 

The difference in Hp for an increase in crest length of U0 feet ■ 

1.72 feet - 1.59 feet - 0.13 

Step U* Add the value of Hp from Step 2 to the difference in Hp 
found in Step 3 to obtain the total Hp. 

Hp - 1.7U feet + 0.13 feet - 1.87 feet 

It is evident that, in case the length of the level crest section is 
equal to that shown on the curve, Hp could be read directly with no 
Correction necessary. 

In order to find the required bottom width of the spillway, the depth 
at the control section is needed. Entering Figure 16.7-1 with q ■ U.U 
c.f.s., and using the appropriate curve, (S 0 ft S c ), the depth at the con¬ 
trol section is found to be 0.8U feet. 

The two following equations will be employed to complete the solution, 

Q - wq (1) 

w - b + zd (2) 

where Q » total discharge in c.f.s. 

w ■ width of the equivalent section in feet 
q - discharge per foot of width in c.f.s. 
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b ■ bottom width of the trapezoidal section 


z ■ side slope ratio (horizontal divided by vertical) 
d ■ depth.at the control section (dc or d n ) 

By equation (l): 

Q ■ wq 
w - Q/q 

w - 223 /k.h - 50.68 feet 
By equation (2) 

w ■ b + zd 
.*. b ■ w - zd 

b - 50.68 - (2 x 0.81*) - 1*9.0 feet 

The bottom width of the spillway in question is thus found to be 1*9 
feet. This would be the minimum bottom width for the design peak flow and 
the specified permissible velocity. Freeboard for wave action and frost 
action shall be provided above the determined Hp value of 1,87 feet.' 


3, WEIR FLOW 

Definition 

A weir is a notch of regular shape through which water flows, Weirs of 
various dimensions and shapes are used in hydraulic structures to function 
as spillways and water measuring devices. In soil conservation work the 
rectangular weir is widely used. The basic formula for a rectangular weir 
is: 

0 - CLH 3/2 

Q ■ rate of discharge in cubic feet per second (c.f,s,) 

C ■ coefficient dependent on the shape of the weir, 

L ■ width of weir in feet. 

H ■ head which is the distance in feet from the crest to 
the water surface taken far enough upstream to obviate 
effect of surface contraction. 
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3. WEIR FLOW (CONPD) 


Use and Limitations 


This formula does not take velocity of approach or end contractions 
into consideration. The reader is referred to texts on hydraulics for a 
full understanding of these factors. Ordinarily the basic formula will 
give results that are in keeping with the accuracy of the estimates that 
must be made in most weir computations. 

The weir coefficient will vary for each particular crest and is de¬ 
pendent on the head, entrance conditions, shape of crest, and degree of 
submergence, if any. Of all these variables, the shape of crest is the, 
most important factor affecting the value of (C), providing there is no 
submergence. Weirs are used primarily as measuring devices and have in¬ 
frequent application in structural design. The flow through spillways, 
drops, and most gully control structures is computed by broad-crested 
weir formulae. 


Cippoletti and Triangular Notch Weirs, These type weirs are commonly 
used for measurement purposes. The triangular notch weir is suitable for 
measuring small quantities of water while the cippoletti weir is suitable 
for measuring water over a wide range of conditions. 



Cippoletti Weir 
Figure 16,8 



v - Notch or Triangular Weir 
Figure 16.9 


Figures 16.11-1, 2 & 3 give the discharge of cippoletti weirs for a 
range of lengths (L) and heads (H), Figure 16,12 gives the discharge of 
90° triangular weirs. 



Figure 16,10 shows a cross-section of a typical weir crest. 

These weirs must be installed in such a manner that there will be 
little, if any, velocity of approach. The cross-sectional area of the 
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Discharge table for Cipolletti weirs with complete contractions 


Head, W 

Discharge, Q , for crest length, L, of— 

1 foot 

1.5 feet 

2 feet 

3 feet 

4 feet 

6 feet 

8 feet 

10 feet 

Feet 

Inches 

Second-feet 

Second-feet 

Second-feet 

Second-feet 

Second-feet 

Second-feet 

Second-feel 

Second-feet 

0. 10 


0. 11 

0. 16 

0. 23 

0. 33 

0. 44 

a 64 

a 85 

1.06 

. 11 


. 12 

. 18 

. 26 

. 38 

. 50 

.74 

.98 

1. 23 

. 12 

1 ne 

. 14 

. 21 

. 29 

. 43 

. 57 

. 84 

1. 12 

1. 40 

. 13 

1^6 

. 16 

. 24 

. 31 

. 48 

.64 

.95 

1. 26 

1. 58 

. 14 

l*Me 

. 17 

.26 

. 36 

. 54 

. 71 

1. 06 

1.41 

1. 73 

. 15 

!**• 

. 19 

. 29 

. 39 

. 59 

. 79 

1. 17 

1. 56 

1. 96 

. 16 

Wit 

. 21 

. 32 

.43 

. 65 

. 87 

1. 29 

1. 72 

2. 15 

. 17 

2Me 

. 23 

. 36 

.47 

. 71 

, 96 

1. 41 

1. 89 

2 36 

. 18 

2*. 

.25 

.39 

. 51 

. 77 

1. 04 

1. 54 

2. 06 

2. 57 

. 19 

2 y* 

.28 

.42 

. 56 

. 83 

1. 12 

1. 67 

2. 23 

2 79 

. 20 

2% 

. 30 

. 45 

. 60 

. 90 

1. 20 

1. 81 

2.41 

a 01 

. 21 

2 H 

. 32 

.48 

. 64 

. 97 

1. 29 

1. 94 

2. 59 

a 24 

.22 

2% 

. 35 

. 52 

. 69 

1.04 

1. 38 

2.08 

2 78 

a 47 

. 23 

2K 

.37 

. 55 

. 74 

1. 11 

1. 47 

2. 23 

2. 97 

a 7i 

. 24 

2% 

.39 

.59 

.79 

1. 18 

1. 57 

2. 38 

a 17 

a 96 

. 25 

3 

. 42 

. 63 

. 84 

1. 25 

1. 67 

2 53 

a 37 

4. 21 

. 26 

3K 

.45 

. 67 

. 89 

1. 33 

1. 77 

2. 68 

a 57 

4. 46 

. 27 

3 y 4 

.47 

. 70 

. 94 

1. 40 

1 . 87 

2. 83 

a 78 

4. 72 

. 28 

3H 

. 50 

. 74 

. 99 

1 . 48 

1 . 97 

2.99 

a 99 

4. 99 

. 29 

34 

. 53 

. 79 

1. 04 

1. 56 

2. 08 

a 15 

4.21 

a 26 

. 30 

3H 

. 56 

. 83 

1 . 10 

1. 64 

2. 19 

a 32 

4. 43 

a 53 

. 31 

w 

. 59 

. 87 

1. 15 

1. 73 

2. 30 

a 49 

4, 65 

a 8i 

. 32 

3>M« 

. 61 

. 91 

1 . 21 

1 . 80 

2. 41 

a 66 

4. 88 

a 09 

. 33 

3% 

. 64 

. 95 

1. 27 

1. 89 

2. 52 

a 83 

5. 11 

a 38 

. 34 

4M« 

. 67 

1 . 00 

1. 32 

1. 98 

2. 64 

4. 00 

5. 34 

a 67 

. 35 

4*6 

.70 

1. 04 

1. 38 

2. 07 

2. 75 

4. 18 

5. 58 

6.97 

. 36 

4jKe 

. 73 

1. 09 

1. 44 

2. 16 

2. 87 

4. 36 

5. 82 

7.27 

. 37 

4 «. 

.77 

1. 13 

1. 50 

2. 25 

2. 99 

4. 55 

a 06 

7. 58 

. 38 

44. 

. 80 

1 . 18 

1. 57 

2. 34 

3. 11 

4. 73 

6. 31 

7.89 

. 39 

4>4. 

.83 

1. 23 

1. 63 

2. 43 

3. 24 

4. 92 

a 56 

a 20 

. 40 

4'4. 

. 87 

1 . 28 

1. 69 

2. 53 

a 36 

5. 11 

6. 81 

a 52 

.41 

4'4, 

. 90 

1. 32 

1. 76 

2. 62 

a 49 

5. 30 

7.07 

a 84 

. 42 

54. 

. 93 

1. 37 

1 . 82 

2. 72 

a ei 

5. 50 

7.33 

9. 16 

. 43 

54. 

. 97 

1. 42 

1. 89 

2. 81 

a 74 

5. 70 

7. 59 

9.49 

. 44 

54 

1.00 

1. 47 

1. 95 

2. 91 

a 87 

5. 90 

7. 86 

9. 83 

. 45 

54 

1. 04 

1. 53 

2. 02 

3. 01 

4.01 

6. 10 

a 13 

10. 2 

. 46 

54 

1. 07 

1. 58 

2.09 

a 11 

4. 14 

a 30 

a 40 

10. 5 

.47 

54 

1. 11 

1. 63 

2. 16 

3. 21 

4. 28 

a 5i 

a 68 

10.8 

. 48 

54 

1. 15 

1 . 68 

2. 23 

3. 32 

4. 41 

a 72 

a 96 

11. 2 

. 46 

54 

1 . 18 

1. 74 

2. 30 

3. 42 

4. 55 

a 93 

9. 24 

11. 5 

. 50 

6 

1 . 22 

1 . 79 

2. 37 

3 53 

4. 69 

7. 14 

9. 52 

11. 9 

. 51 

64 

1 . 26 

1. 85 

2. 44 

a 64 

4. 83 

7. 36 

9. 81 

12 3 

. 52 

64 

1. 30 

1. 90 

2. 51 

a 74 

4. 97 

7.57 

10. 1 

12 6 

. 53 

64 

1. 34 

1. 96 

2. 59 

a 85 

5. 12 

7. 79 

10. 4 

ia 0 

. 54 

64 

1. 38 

2. 02 

2. 66 

a 96 

5. 26 

8.02 

10. 7 

ia 4 

. 55 

64 

1. 42 

2. 07 

2. 74 

4. 07 

5. 41 

& 24 

11.0 

ia 7 

. 56 

64 

1. 46 

2. 13 

2.81 

4. 18 

5. 56 

a 47 

11.3 

14. 1 

. 57 

6>4. 

1. 50 

2. 19 

2. 89 

4. 30 

5. 71 

8. 69 

11.6 

14. 5 

. 58 

6>4. 

1. 54 

2. 25 

2. 97 

4. 41 

5. 86 

a 92 

11.9 

14. 9 

. 59 

74. 

1. 58 

2. 31 

3. 05 

4. 53 

6.01 

9. 15 

12.2 

15. 3 

. 60 

74. 

1 . 62 

2. 37 

3. 13 

4. 64 

a 17 

9. 39 

12.5 

ia 6 

. 61 

74. 

1. 67 

2, 45 

3. 20 

4. 76 

6. 32 

9. 62 

12. 8 

16. 0 

. 62 

74. 

1. 71 

2. 49 

3. 28 

4. 88 

a 47 

9. 86 

13. 1 

ia 4 

. 63 

74. 

1. 75 

2, 55 

3. 37 

5. 00 

6.63 

10. 1 

ia 5 

16. 8 

. 64 

7‘4. 

1 . 80 

2. 62 

3. 45 

5. 12 

6. 79 

10. 3 

13. 8 

17. 2 


See footnote at end of tabic. 







Figure 16,11-1 
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Discharge table for CipoUetti weirs with complete contractions —Continued 


Head, H« 

Discharge, Q, for crest length, L t of— 

1 foot 

1.5 feet 

2 feet 

3 feet 

4 feet 

6 feet 

8 feet 

10 feet 

Fed 

Inches 

Second-feet 

Second-feet 

Second-feel 

Second-feet 

Second-feet 

Second-feel 

Second-feet 

Second-feel 

0. 65 

7'K. 

1. 84 

2. 68 

a 53 

a 24 

a 95 

10.6 

14. 1 

17.6 

.66 

7'K. 

1. 89 

2.75 

a ei 

a 36 

7. 11 

10. 8 

14 4 ! 

ia 1 

.67 

8K. 

1. 93 

2. 81 

a 70 

a 48 

7. 28 

11. 1 

14 8 

ia 5 

.68 

8M. 

1. 98 

2. 87 

a 79 

a 6i 

7.44 

11. 3 

ia 1 

iao 

.69 

8 y* 

2. 02 

2. 94 

a 87 

a 73 

7.61 

11. 6 

15.4 

19.3 

. 70 

8H 

2.07 

a 01 

a 95 

a 86 

7.77 

11.8 

15.8 

19.7 

. 71 

8H 

2. 12 

a 07 

4.04 

a 99 

7.94 

12. 1 

16. 1 

20. 1 

. 72 

8K 

2. 16 

a 14 

4 13 

6. 12 

a n 

12.3 

16.5 

20.6 

. 73 

8]K 

2. 21 

a 21 

4 22 

a 24 

a 28 

12.6 

16.8 

21.0 

.74 

8X 

2. 26 

a 28 

4 31 

a 38 

a 45 

12.9 

17. 1 

21.4 

. 75 

9 

2. 31 

a 35 

4 40 

a si 

a 62 

13. 1 

17. 5 

21.9 

. 76 


2. 36 

a 42 

4 49 

a 64 

a so 

ia4 

17.8 

22. 3 

. 77 

W 

2.41 

a 49 

4 58 

a 77 

a 97 

13. 6 

ia 2 

22.7 

.78 


2.46 

a 56 

4 67 

a 90 

9. 15 

13.9 

18. 6 

2 a 2 

. 79 


2. 51 

3.63 

4. 76 

7.04 

9.33 

14.2 

ia 9 

2 a 6 

.80 

9H 

2. 56 

3. 70 

4. 85 

7. 18 

9. 51 

14.5 

19.3 

24 1 

. 81 


2. 61 

3. 77 

4.95 

7.31 

9. 69 

14.7 

19. 6 

24 5 

. 82 

9>M. 

2. 66 

3.84 

5.04 

7.45 

9. 87 

15.0 

20.0 

25.0 

•. 83 

9'M. 

2. 71 

3. 92 

5, 14 

7. 59 

10.0 

15. 3 

20.4 

25.5 

.84 

10K. 

2. 77 

3. 99 

5.23 

7. 73 

10. 2 

15. 6 

2 a 7 

2a 9 

. 85 

10K. 

2. 82 

4 07 

5.33 

7. 87 

10.4 

15.8 

21. 1 

2a 4 

.86 

10M. 

2. 87 

4. 14 

5. 43 

a 01 

10.6 

16. 1 

21.5 

2 a 9 

. 87 

mt 

2. 93 

4. 22 

5. 52 

a 15 

10.8 

16.4 

21.9 

27.3 

. 88 

me 

2. 98 

4. 29 

5. 62 

a 30 

11.0 

ia7 

22. 2 

27.8 

. 89 

10>H. 

3. 04 

4. 37 

5. 72 

a 44 

11.2 

17.0 

22. 6 

2a 3 

.90 

10>«6 

3. 09 

4. 45 

5. 82 

a so 

11.4 

17. 2 

23. 0 

2a 7 

.91 

10'M. 

3. 15 

4. 53 

5. 92 

a 73 

11.6 

17. 5 

23.4 

29.2 

.92 

UMe 

3. 20 

4.60 

6. 02 

a 88 

11. 7 

17. 8 

23.8 

29. 7 

.93 

UMa 

3. 26 

4.68 

6. 13 

9.03 

11.9 

ia 1 

24.2 

30.2 

.94 

ll X 

3. 32 

4. 76 

6. 23 

9. 17 

12. 1 

ia 4 

24. 5 

30. 7 

. 95 

HH 

3. 37 

4. 84 

6. 33 

9. 32 

12.3 

ia 7 

24 9 

31.2 

.96 

llM 

3. 43 

4. 92 

6. 44 

9.48 

12. 5 

19.0 

25.3 

31.7 

.97 

UX 

3. 49 

5. QO 

6. 55 

9.62 

12. 7 

19. 3 

25. 7 

32.2 

.98 

Iltf 

3. 55 

5. 09 

6. 64 

9. 78 

12.9 

19. 6 

2a i 

32.7 

.99 

lift 

3. 61 

5. 17 

6.75 

9. 93 

13. 1 

19. 9 

26. 5 

33.2 

1.00 

12 

3. 67 

5. 25 

6. 86 

10. 1 

13.3 

20. 2 

26.9 

33.7 

1.01 

12ft 


5. 33 

6. 96 

10. 2 

13. 5 

20. 5 

27. 3 

34. 2 

1.02 

12 ft 


5. 42 

7.07 

10. 4 

13.7 

20. 8 

27.7 

34 7 

1. 03 

12ft 


5. 50 

7. 18 

10. 6 

13.9 

21. 1 

2a 2 

35.2 

1.04 

m 


5. 59 

7. 29 

10. 7 

14.2 

21. 4 

2 a 6 

35. 7 

1. 05 

12ft 


5. 67 

7.40 

10.9 

14.4 

21. 7 

29. 0 

36. 2 

1. 06 

12ft 


5. 76 

7. 51 

11.0 

14. 6 

22.0 

29. 4 

36. 7 

1. 07 

12^6 


5. 84 

7. 62 

11. 2 

14. 8 

22.4 

29.8 

37. 3 

1. 08 

12>ft* 


5. 93 

7.73 

11.4 

15.0 

22. 7 

30. 2 

37.8 

1.09 

13H« 


6.02 

7.84 

11.5 

15. 2 

23.0 

30.6 

3a 3 

1. 10 

me 


6. 11 

7.96 

11. 7 

15. 4 

23. 3 

31. 1 

3a 8 

1. 11 

13fta 


6. 20 

8.07 

11. 8 

15. 6 

23. 6 

31.5 

39. 4 

1. 12 

m* 


6. 29 

& 18 

12. 0 

15. 8 

23. 9 

31. 9 

39.9 

1. 13 

me 


6. 38 

8. 29 

12. 2 

16.0 

24. 3 

32. 4 

40.4 

1. 14 

mu 


6. 47 

8.41 

12.3 

16. 3 

24. 6 

32. 8 

41.0 

1. 15 

13'Xe 


6. 56 

a 53 

12. 5 

16. 5 

24. 9 

33. 2 

41. 5 

1. 16 

13>ft« 


6. 65 

a 65 

12. 7 

ia7 

25.2 

33. 6 

42. 1 

1. 17 

14ft* 


a 74 

a 76 

12. 8 

16. 9 

25. 6 

34. 1 

42.6 

1. 18 

14ft* 


6.83 

a 88 

13.0 

17. 2 

25. 9 

34. 5 

4a 2 

1. 19 

m 


6. 93 

9.00 

ia 2 

17.4 

26. 2 

35.0 

43. 7 


See footenote at end of table. 


Figure 16.11-2 
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Discharge table for Cipolletti weirs icith complete contractions —Continued 


Discharge, Q, for crest length, L, of— 


Head, W 



1 foot 

1.5 feet 

2 feet 

Feet 

Inches 

Second-feet 

Second-feet 

Second-feet 

1. 20 

u% 

7. 02 

9. 12 

1. 21 



7. 11 

9. 24 

1. 22 

14% 

14% 


7. 20 

9. 36 

1. 23 


7. 30 

9. 48 

1. 24 

u% 


7. 40 

9. 60 

1. 25 

15 


7.49 

9. 72 


3 feet 

4 feet 

6 feet 

8 feet 

10 feet 

Second-feet 

Second-fcet 

Second-feet 

Second-feet 

Second-fe 

13. 4 

17. 6 

26. 6 

35. 4 

44. 3 

13. 5 

17. 8 

26. 9 

35. 8 

44.8 

13. 7 

18. 0 

27. 2 

36. 3 

45. 4 

13. 9 

18. 3 

27. 6 

36. 7 

45. 9 

14. 0 

18. 5 

27. 9 

37. 2 

46. 5 

14. 2 

18, 7 

28.2 

37. 6 

47. 1 

14. 4 

19. 0 

28. 6 

3a 1 

47. 6 

14. 6 

19. 2 

2a 9 

38. 5 

4a 2 

14. 7 

19. 4 

29. 3 

39.0 

48.8 

14. 9 

19. 6 

29. 6 

39.5 

49. 3 

15. 1 

19. 9 

29. 9 

39. 9 

49. 9 

15. 3 

20. 1 

30. 3 

40.4 

50. 5 

15. 5 

20. 3 

30. 6 

40. 8 

51. 1 

15. 6 

20. 6 

31. 0 

41.3 

51. 6 

15. 8 

20. 8 

31. 3 

41. 8 

52. 2 

16. 0 

21. 1 

31. 7 

42. 2 

52. 8 

16. 2 

21. 3 

32. 0 

42. 7 

53. 4 

16. 4 

21. 5 

32.4 

43. 2 

54. 0 

16. 6 

21. 8 

32. 7 

43. 7 

54. 6 

16. 8 

22. 0 

33. 1 

44. 1 

55. 2 

16. 9 

22. 3 

33. 5 

44. 6 

55. 8 

17. 1 

22. 5 

33. 8 

45. 1 

56. 4 

17. 3 

22. 8 

34. 2 

45. 6 

57.0 

17. 5 

23.0 

34. 6 

46. 1 

57. 6 

17. 7 

23. 3 

34. 9 

46. 5 

58. 2 

17. 9 

23. 5 

35. 3 

47.0 

5 a 8 

18. 1 

23. 8 

35. 6 

47. 5 

59.4 

18. 3 

24. 0 

36. 0 

48.0 

60. 0 

18. 5 

24. 3 

36. 4 

4a 5 

60. 6 

18. 7 

24. 5 

36. 7 

49. 0 

61. 2 

18. 9 

24. 8 

37. 1 

49. 5 

61. 8 


1 Values of discharge for heads up to 0.20 foot (crest lengths 1, 1.5, 2, 3, and 4 feet) do not follow the formula but are taken directly 
from the calibration curve. The discharge for heads 0.10 to 1.5 feet for the 6-, 8,- and 10-foot weirs are as computed by the formula 
Q=3.367L//V*. See Mead, E., and Johnston, C. I. the use of water in irrigation. U. S. Dept. Agr. Off. Expt. Sta. Bui. 86, 253 
pp., illus. 1900. 


Figure 16.11-3 
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Discharge table for 90° triangular-notch weir with complete contractions 


Head, H 

Discharge, Q 

Head, H 

Discharge, Q 

Head, H 

Discharge, Q 

Feet 

Inches 

Second-feet 

Feet 

Inches 

Second-feet 

Feet 

Inches 

Second-feet 

0. 15 

Wit 

0. 022 

0. 55 

6/ 

0. 564 

0. 95 

lift 

2. 19 

. 16 

Wt 

. 025 

. 56 

6/4 

. 590 

.96 

11/ 

2. 25 

. 17 

2/,« 

. 029 

.57 

Wit 

.617 

. 97 

lift 

2. 31 

. 18 

2/e 

.034 

. 58 

Wt 

. 644 

.98 

lift 

2. 37 

. 19 

2 % 

.040 

. 59 

7/. 

. 672 

.99 

lift 

2. 43 

. 20 

2/ 

.046 

. 60 


.700 

1.00 

12 

2. 49 

.21 

2% 

. 0S2 

. 61 


.730 

1.01 

12/ 

2.55 

. 22 

2% 

.058 

. 62 


.760 

1. 02 

12/ 

2. 61 

.23 

2 / 

.065 

.63 


. 790 

1. 03 

12/ 

2. 68 

.24 

2ft 

. 072 

.64 

7 , Ke 

. 822 

1. 04 

12/ 

2. 74 

. 25 

3 

,080 

. 65 

Wit 

. 854 

1. 05 

12/ 

2. 81 

.26 

3 / 

.088 

.66 

Wt 

. 887 

1. 06 

12/ 

2. 87 

.27 

3/ 

. 096 

. 67 

SYit 

. 921 

1. 07 

12 l /e 

2. 94 

.28 

3/ 

. 105 

.68 

8/e 

. 955 

1. 08 

12i/ie 

a 01 

.29 

3ft 

. 115 

.69 

8ft 

. 991 

1. 09 

13ft, 

3.08 

.30 

35- 

. 125 

. 70 

8ft 

1. 03 

1. 10 


3. 15 

.31 

3 / 

. 136 

. 71 

8/ 

1. 06 

1. 11 


a 22 

. 32 

3'ft, 

. 147 

.72 

8ft 

1. 10 

1. 12 


a 30 

. 33 

Wit 

. 159 

. 73 

8/ 

1. 14 

1. 13 


a 37 

. 34 

4 Yit 

. 171 

. 74 

8ft 

1. 18 

1. 14 

iByH 

a 44 

.35 

4/« 

.184 

.75 

9 

1. 22 

1. 15 


a 52 

. 36 

4/a 

. 197 

. 76 

9/ 

1. 26 

1. 16 


a 59 

.37 

4/a 

. 211 

. 77 

9/4 

1. 30 

1. 17 


a 67 

. 38 

4/e 

..225 

. 78 

9/ 

1. 34 

1. 18 


a 75 

.39 

Wit 

. 240 

.79 

9ft 

1. 39 

1. 19 

wiM 

a 83 

. 40 

4 l /« 

.256 

.80 

9ft 

1. 43 

1. 20 

IB 

a 91 

. 41 

Wt 

.272 

.81 

9/4 

1. 48 

1. 21 


3. 99 

. 42 

5/« 

.289 

.82 

9'%, 

1. 52 

1. 22 


4. 07 

. 43 

5/e 

.306 

.83 

Wit 

1. 57 

1. 23 


4. 16 

. 44 

5/ 

.324 

.84 

10/e 

1. 61 

1. 24 

Ely 

4. 24 

. 45 

5/ 

.343 

. 85 

10/« 

1. 66 

1. 25 

15 

4. 33 

. 46 

5/ 

.362 

.86 

io/ fl 

1. 71 

1. 26 

HSV 

4. 42 

.47 

5/ 

. 382 

. 87 

10 /a 

1. 76 

1. 27 


4. 51 

. 48 

5/ 

.403 

.88 

10 /e 

1. 81 

1. 28 

. K 1 

4. 60 

.49 

5/ 

.424 

.89 

10'Ha 

1. 86 

1. 29 


4. 69 

. 50 

6 

.445 

.90 

10’/a 

1. 92 

1. 30 

15ft 

4. 78 

. 51 

6/ 

.468 

. 91 

10 1 /a 

1. 97 

1. 31 

15% 

4. 87 

. 52 

6/ 

.491 

.92 

ll/a 

2.02 

1. 32 

15*K, 

4. 96 

. 53 

6/ 

.515 

.93 

UMa 

2. 08 

1. 33 

15’ft, 

5. 06 

. 54 

6/ 

.539 

.94 

11/4 

2. 13 

1. 34 

16/a 

5. 15 


Figure 16.12 
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3. WEIR FLOW (COOT'D) 


Use and Limitations (cont’d) 

Cippoletti and Triangular Notch Weirs (contM) 

approaching stream channel should be at least six times the area of the 
weir section. 

Silt must be cleared away from the front of the weir to a depth equal 
to twice the value of "H" to permit normal bottom contraction. 

The Parshall Flume, This is another measuring device that is widely 
used for measuring quantity of water flowing in open channels. 

It has been found by experience to be well adapted to measuring both 
large and small flows. The device consists of a converging section with 
level floor, a throat section with floor sloping downstream, and a diverg¬ 
ing section with floor sloping upstream. Walls throughout the structure 
are vertical. Flow through the parshall flume is not significantly 
affected by channel approach conditions. 

For individual farm use, the parshall flume is better adapted than the 
weir because: (l) It is capable of automatically keeping itself free from 
the effects of sand or silt under nearly all operating conditions. (2) It 
operates satisfactorily with small loss of head. (3) It is comparatively 
inexpensive to install. 

Successful operation of the parshall flume depends upon setting the 
crest at the correct elevation with respect to the bed of the channel. 
Figure 16.13 shows a longitudinal section of this flume. 

H a * difference in elevation between upstream water surface 
and crest level of flume. 

% ■ difference in elevation between downstream water surface 
and crest level of flume, 

X ■ difference in elevation between bottom of ditch at lower 
end and crest level of flume. 

D ■ depth of water in ditch below flume, 

L ■ difference in elevation between water surfaces above and 
below flume. 

Where sufficient fall is available, this setting may be determined with 
little difficulty, but if the fall is slight, care must be taken in fixing 
the height of the crest so that the degree of submergence shall not exceed 
the limits of free flow. This limit is ,70 for flumes having a throat 

width of one foot or more, and .60 for flumes having a throat width of less 
than one foot. In other words, Hfo shall not exceed .70 H a or .60 H a as the 
case may be. Other settings using a greater degree of submergence can be 


3, WEIR FLOW (COWT »D) 
Use and Limitations (contM) 


The Parshall Flume (cont»d) 

made, but the reading of two gauges is required and the procedure is more 
complicated. Information on submerged flow can be found in U5DA Farmers 
Bulletin #1683. Figures l6,ll*-l through 6 give the flow of water through 
parshall flumes. Figure 16.15 gives the loss of head for the "Parshall 
Flume". 



Figure 16.13 


To determine the proper elevation above the ditch bottom for setting 
the parshall flume, the following outline should be used: 

Example: A ditch has a maximum capacity of about 6 cubic 

feet per second when flowing at a depth of about 
1.5 feet. Determine size and setting of flume 
to be used. 

1. From Figure 16,11* select a flume that will deliver 

6 cubic feet per second when flowing at a depth of 
1,5 feet or less. In this case, a one-foot flume 
with a head (H a ) of 1.31 feet will deliver 6 c.f.s. 

2. Using a submergence of 0.7, we find (Hb) to equal 

1.31 x 0.7 ■ 0.92, 

3. From Figure 16.13, (X) (the setting above stream bed) 

Is (D - or 1.5 - 0.92 - 0.58. 

To determine the depth of flow above the flume, select the value for 
the loss of head (L) from Figure 16.15 and add to the original depth. In 
this case, the loss of head is 0.1*1 feet. Therefore, 1,5 + .1*1 ■ 1.91 
which is the depth of water above the flume. 

The height of the ditch banks above the proposed location of the flume 
should be examined to determine whether or not they will be over-topped. 
Other flumes should be considered to determine tfte size best suited for any 
given condition. 
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FREE FLOW THROUGH SMALL PARSHALL MEASURING FLUME 



NOTEt In calibrating, standard flumes and those having no diverging section 
were used. In every case flow was the same through each type. One inch 
flumes were constructed of galvanised iron as well as aluminum. Flow through 
these two types of metal did not vary. It should be noted that the flow is 
considerably reduced when the flumes are not cleaned of excess asphalt cement. 

Figure 16.1U-1 
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FREE FLOW DISCHARGE TABLE FOR PARSHALL FLUMES 


Head, 

ii 





Discharge, Q , for throat widths, W f of- 

- 




«i 

(feet) 

3 inches 

6 inches 

9 inches 

1 foot 

1.5 feet 

2 feet 

3 feet 

4 feet 

5 feet 

6 feet 

7 feet 

8 feet 


(Second- 

Second- 

Second- 

Second- 

Second- 

Second- 

Second- 

Second- 

Second- 

Second- 

Second- 

Second- 


feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

0. 10 

0. 028 

0. 05 

0. 09 

0. 11 

0. 15 








. 11 

. 033 

. 06 

. 10 

. 12 

. 18 








12 

. 037 

. 07 

'. 12 

. 14 

. 21 








. 13 

. 042 

. 08 

. 14 

. 16 

. 24 








14 

047 

09 

. 15 

. 18 

. 27 








15 

. 053 

. 10 

. 17 

. 20 

. 30 

0. 42 

0. 61 






. 16 

. 058 

. 11 

. 19 

. 23 

. 34 

. 47 

. 68 






. 17 

. 064 

12 

. 20 

. 26 

. 38 

. 51 

. 75 






. 18 

. 070 

. 14 

. 22 

. 29 

. 42 

. 56 

. 82 






19 

076 

. 15 

. 24 

. 32 

. 46 

61 

. 89 






. 20 

. 082 

. 16 

. 26 

. 35 

. 51 

. 66 

. 97 

1. 26 

1. 55 




. 21 

. 089 

. 18 

. 28 

. 37 

. 55 

. 71 

1. 04 

1. 36 

1. 68 




. 22 

. 095 

. 19 

. 30 

. 40 

. 59 

. 77 

1. 12 

1. 47 

1. 81 




. 23 

. 102 

20 

. 32 

43 

. 63 

. 82 

1. 20 

1. 58 

1. 94 




. 24 

. 109 

. 22 

. 35 

. 46 

. 67 

. 88 

1. 28 

1. 69 

2. 08 




.25 

. 117 

. 23 

.37 

.49 

. 71 

. 93 

1. 37 

1. 80 

2. 22 

2. 63 

3. 02 

3. 46 

.26 

. 124 

.25 

. 39 

. 51 

. 76 

. 99 

1. 46 

1. 91 

2. 36 

2. 80 

3. 25 

3. 68 

.27 

. 131 

. 26 

. 41 

. 54 

. 80 

1. 05 

1. 55 

2. 03 

2. 50 

2. 97 

3. 44 

3. 90 

.28 

. 138 

. 28 

. 44 

. 58 

. 85 

1. 11 

1. 64 

2. 15 

2. 65 

3. 15 

3. 65 

4. 13 

. 29 

. 146 

. 29 

. 46 

. 61 

. 90 

1. 18 

1. 73 

2. 27 

2. 80 

3. 33 

3. 85 

4. 37 

. 30 

. 154 

.31 

. 49 

. 64 

. 94 

1.24 

1. 82 

2. 39 

2. 96 

3. 52 

4. 08 

4. 62 

.31 

. 162 

. 32 

.51 

.68 

. 99 

1. 30 

1. 92 

2. 52 

3. 12 

3. 71 

4. 30 

4.88 

.32 

. 170 

. 34 

. 54 

. 71 

1. 04 

1. 37 

2. 02 

2. 65 

3. 28 

3.90 

4. 52 

5. 13 

.33 

. 179 

.36 

. 56 

.74 

1. 09 

1. 44 

2. 12 

2. 78 

3. 44 

4. 10 

4. 75 

5. 39 

.34 

. 187 

. 38 

.59 

.77 

1. 14 

1. 50 

2. 22 

2. 92 

3. 61 

4. 30 

4. 98 

5/66 

.35 

. 196 

.39 

. 62 

. 80 

1. 19 

1. 57 

2. 32 

3. 06 

3. 78 

4. 50 

5. 22 

5. 93 

.36 

. 205 

. 41 

. 64 

.84 

1. 25 

1. 64 

2. 42 

3. 20 

3. 95 

4. 71 

5. 46 

6. 20 

. 37 

.213 

.43 

. 67 

. 88 

1. 30 

1. 72 

2. 53 

3. 34 

4. 13 

4. 92 

5. 70 

6. 48 

.38 

. 222 

.45 

. 70 

. 92 

1. 36 

1. 79 

2. 64 

3. 48 

4. 31 

5. 13 

5. 95 

6. 76 

.39 

. 231 

. 47 

. 73 

. 95 

I. 41 

1. 86 

2. 75 

3. 62 

4. 49 

5. 35 

6. 20 

7. 05 

.40 

. 241 

.48 

. 76 

. 99 

1. 47 

1. 93 

2. 86 

3. 77 

4. 68 

5. 57 

6. 46 

7. 34 

. 41 

. 250 

.50 

. 78 

1. 03 

1. 53 

2.01 

2. 97 

3. 92 

4. 86 

5. 80 

6. 72 

7. 64 

. 42 

.260 

. 52 

.81 

1. 07 

1.58 

2. 09 

3. 08 

4. 07 

5. 05 

6. 02 

6. 98 

7. 94 

.43 

. 269 

. 54 

. 84 

1. 11 

1. 64 

2. 16 

3. 29 

4. 22 

5. 24 

6. 25 

7. 25 

8 24 

.44 

. 279 

. 56 

. 87 

1. 15 

1. 70 

2. 24 

3. 32 

4. 38 

5. 43 

6. 48 

7. 52 

8 55 

. 45 

. 289 

;58 

. 90 

1. 19 

1. 76 

2. 32 

3. 44 

4. 54 

5. 63 

6. 72 

7. 80 

8 87 

. 46 

. 299 

. 61 

. 94 

1. 23 

1. 82 

2. 40 

3. 56 

4. 70 

5. 83 

6.96 

8 08 

9. 19 

.47 

. 309 

. 63 

. 97 

1. 27 

1. 88 

2. 48 

3. 68 

4. 86 

6.03 

7. 20 

8 36 

9.51 

.48 

.319 

. 65 

1. 00 

1. 31 

1. 94 

2. 57 

3. 80 

5. 03 

6. 24 

7. 44 

8 65 

9. 84 

. 49 

.329 

. 67 

1.03 

1. 35 

2. 00 

2. 65 

3. 92 

5. 20 

6.45 

7. 69 

8 94 

10. 2 

.60 

. 339 

.69 

1. 06 

1. 39 

2. 06 

2. 73 

4. 05 

5. 36 

6. 66 

7. 94 

9. 23 

10. 5 

. 51 

.350 

.71 

1. 10 

1. 44 

2. 13 

2. 82 

4. 18 

5. 53 

6. 87 

8. 20 

9. 53 

10. 9 

. 52 

. 361 

.73 

1. 13 

1. 48 

2. 19 

2. 90 

4. 31 

5. 70 

7, 09 

8 46 

9. 83 

11. 2 

.53 

.371 

.76 

1. 16 

1. 52 

2. 25 

2. 99 

4. 44 

5. 88 

7. 30 

8 72 
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13. 8 

la 5 

28. 1 

37. 7 

47. 3 

57.0 

66. 7 

76. 5 

1. 73 



7. 11 

9. 21 

13. 9 

18. 7 

28. 3 

38 0 

47. 7 

57. 5 

67. 3 

77. 2 

1. 74 

— 

— 

7. 17 

9. 29 

14. 1 

18. 9 

28. 6 

38 3 

48. 2 

58 1 

68 0 

77. 9 

1. 75 



7. 23 

9. 38 

14. 2 

19. 0 

28. 8 

38 7 

48. 6 

58 6 

68 6 

78 7 

1. 76 



7. 29 

9. 46 

14. 3 

19. 2 

29. 1 

39. 0 

49. 1 

59. 1 

69. 2 

79. 4 

1.77 



7. 36 

9. 54 

14. 4 

19. 4 

29. 3 

39. 4 

49. 5 

59. 7 

69. 9 

80. 1 

1. 78 



7. 42 

9. 62 

14. 6 

19. 6 

29. 6 

39. 7 

49. 9 

60. 2 

70. 5 

80. 8 

1. 79 


---- 

7. 48 

9. 70 

14. 7 

19. 7 

29. 9 

40. 1 

50. 4 

60. 7 

71. 1 

81. 6 

1. 80 



7. 54 

9. 79 

14. 8 

19. 9 

30. 1 

40. 5 

50. 8 

61. 3 

71. 8 

82. 3 

1. 81 



7. 61 

9. 87 

15.0 

20. 1 

30. 4 

40. 8 

51. 3 

61. 8 

72. 4 

83. 0 

1. 82 



7. 68 

9. 95 

15. 1 

20. 2 

30. 7 

41. 2 

51. 7 

62. 4 

78 0 

83. 8 

1. 83 



7. 74 

10. 0 

15. 2 

20. 4 

30. 9 

41. 5 

52. 2 

62. 9 

73. 7 

84. 5 

1. 84 

— 

— 

7. 81 

10. 1 

15. 3 

20. 6 

31. 2 

41. 9 

52, 6 

63. 5 

74. 3 

85,3 

1. 85 



7. 87 

10. 2 

15. 5 

20. 8 

31. 5 

42. 2 

53. 1 

64. 0 

75. 0 

86. 0 

1. 86 



7. 94 

10. 3 

15. 6 

20. 9 

31. 7 

42. 6 

53. 6 

64. 6 

75. 6 

86. 8 

1. 87 



8. 00 

10. 4 

15. 7 

21. 1 

32. 0 

43. 0 

54. 0 

65. 1 

76. 3 

87. 5 

1. 88 



8. 06 

10. 5 

15. 8 

21. 3 

32. 3 

43. 3 

54. 5 

65. 7 

76. 9 

88 3 

1. 89 

— 

— 

8. 13 

10. 5 

16. 0 

21. 5 

32. 5 

43. 7 

54. 9 

66. 3 

77. 6 

89. 0 

1. 90 



8. 20 

10. 6 

16. 1 

21. 6 

32. 8 

44. 1 

55. 4 

66. 8 

78 2 

89. 8 

1. 91 



8. 26 

10. 7 

16. 2 

21. 8 

33. 1 

44. 4 

55. 9 

67. 4 

78 9 

90. 5 

1. 92 



8. 33 

10. 8 

16. 4 

22. 0 

33. 3 

44. 8 

56. 3 

67. 9 

79. 6 

91. 3 

1. 93 



8. 40 

10. 9 

16. 5 

22. 2 

33. 6 

45. 2 

56. 8 

68 5 

80. 2 

92. 1 

1. 94 

— 

— 

8. 46 

11. 0 

16. 6 

22. 4 

33. 9 

45. 5 

57. 3 

69. 1 

80. 9 

92. 8 

1. 95 



8. 52 

11. 1 

16. 7 

22. 5 

34. 1 

45. 9 

57. 7 

69. 6 

81. 6 

93. 6 

1. 96 



8. 59 

11. 1 

16. 9 

22. 7 

34. 4 

46. 3 

58 2 

70. 2 

82. 2 

94. 4 

1. 97 



8. 66 

11. 2 

17. 0 

22. 9 

34. 7 

46. 6 

58 7 

70. 8 

82. 9 

95. 1 

1. 98 



a 73 

11. 3 

17. 2 

23. 1 

35. 0 

47. 0 

59. 1 

71. 4 

83. 6 

95.9 

1.99 

— 

— 

a so 

11. 4 

17. 3 

23. 2 

35. 3 

47. 4 

59. 6 

71. 9 

84. 3 

96. 7 

2. 00 



a 87 

11. 5 

17. 4 

23. 4 

35. 5 

47. 8 

60. 1 

72. 5 

84. 9 

97. 5 

2. 01 




11. 6 

17. 6 

23. 6 

35. 8 

48 1 

60. 6 

73. 1 

85. 6 

98 3 

2. 02 




11. 7 

17. 7 

23. 8 

36. 1 

48 5 

61. 0 

73. 7 

86. 3 

99. 1 

2. 03 




11. 8 

17. 8 

24. 0 

36. 4 

48 9 

61. 5 

74. 2 

87. 0 

99. 8 

2. 04 

— 

— 

— 

11. 8 

ia o 

24. 2 

36. 7 

49. 3 

62. 0 

74. 8 

87. 7 

100. 6 

2. 05 




11. 9 

18. 1 

24. 3 

36. 9 

49. 7 

62. 5 

75. 4 

88. 4 

101. 4 

2. 06 




12. 0 

la 2 

24. 5 

37. 2 

50. 1 

63.0 

76.0 

89. 1 

102. 2 

2. 07 




12. 1 

18. 4 

24. 7 

37. 5 

50. 4 

63. 5 

76. 6 

89. 8 

108 0 

2. 08 




12. 2 

18. 5 

24. 9 

37. 8 

50. 8 

63. 9 

77. 2 

90. 4 

103. 8 

2.09 

— 

— 

—— 

12. 3 

18. 7 

25. 1 

38. 1 

51. 2 

64. 4 

77. 8 

91. 1 

104. 6 


Figure 16.lU-5 
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Discharge, Q t for throat widths, W, of- 

- 




3 inches 

6 inches 

9 inches 

1 foot 

1.5 feet 

2 feet 

3 feet 

4 feet 

5 feet 

6 feet 

7 feet 

8 feet 


Second- 

Second - 

Second - 

’ Second - 

Second - 

Second- 

Second - 

Second - 

Second - 

Second- 

Second - 

Second- 


feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

2. 10 

_ 

__ 

_ 

12. 4 

ia 8 

25. 3 

3a 4 

51. 6 

64. 9 

7a 4 

91. 8 

105. 4 

2. 11 

_ 

_ 

_ 

12. 5 

ia 9 

25. 5 

38. 6 

52. 0 

65. 4 

79. 0 

92. 5 

106. 2 

2. 12 

_ 

_ 

_ 

12. 6 

19.0 

25. 6 

38. 9 

52. 4 

65. 9 

79. 6 

93. 3 

107. 0 

2. 13 

_ 

_ 

_ 

12. 6 

19. 2 

25. 8 

39. 2 

52. 8 

66. 4 

80. 2 

94.0 

107. 9 

2. 14 

— 

---- 

---- 

12. 7 

19. 3 

26. 0 

39. 5 

53. 2 

66. 9 

80.8 

94. 7 

108, 7 

2. 15 




12. 8 

19. 5 

26. 2 

39. 8 

53.5 

67. 4 

81. 4 

95. 4 

109. 5 

2. 16 




12. 9 

19. 6 

26. 4 

40, 1 

53. 9 

67. 9 

82. 0 

96. 1 

110. 3 

2. 17 

_ 


_ 

13. 0 

19. 7 

26.6 

40. 4 

54. 3 

68.4 

82. 6 

96. 8 

111. 1 

2. 18 

_ 

_ 

_ 

13. 1 

19. 9 

26. 8 

40. 7 

54. 7 

68. 9 

83. 2 

97. 5 

111. 9 

2. 19 

— 

— 

— 

13. 2 

20.0 

27. 0 

41. 0 

55. 1 

69. 4 

83. 8 

oa 2 

112. 8 

2. 20 




13. 3 

20. 2 

27. 2 

41. 3 

55. 5 

69. 9 

84. 4 

9 a 9 

113. 6 

2. 21 




13. 4 

20. 3 

27. 3 

41. 5 

55. 9 

70.4 

85. 0 

99. 7 

114. 4 

2. 22 

_ 


_ 

13. 5 

20. 5 

27. 5 

41. 8 

56. 3 

70. 9 

85. 6 

100. 4 

115. 3 

2. 23 


__ 


13. 6 

20. 6 

27. 7 

42. 1 

56. 7 

71. 4 

86. 3 

101. 1 

116. 1 

2. 24 

— 

— 

— 

13. 7 

20. 7 

27. 9 

42/4 

57. 1 

71. 9 

86. 9 

101. 8 

116. 9 

2. 25 




13. 7 

20. 9 

28. 1 

42. 7 

57. 5 

72. 4 

87. 5 

102. 6 

117. 8 

2. 26 

_ 



13. 8 

21. 0 

2a 3 

43. 0 

57. 9 

72. 9 

88. 1 

103. 3 

11 a 6 

2. 27 

.... 

.... 


13. 9 

21. 2 

2a 5 

43. 3 

sa 3 

73. 5 

88. 7 

104.0 

119. 5 

2. 28 

_ 

_ 

.... 

14. 0 

21. 3 

2a 7 

43. 6 

sa 7 

74. 0 

89. 4 

104. 8 

120. 3 

2. 29 

— — 


— 

14. 1 

21. 4 

28. 9 

43. 9 

59. 2 

74. 5 

90. 0 

105. 5 

121. 2 

2. 30 




14. 2 

21. 6 

29. 1 

44. 2 

59. 6 

75.0 

90. 6 

106. 2 

122.0 

2. 31 




14. 3 

21. 7 

29. 3 

44. 5 

60. 0 

75.5 

91. 2 

107.0 

122. 9 

2.32 




14. 4 

21. 9 

29. 5 

44. 8 

60.4 

76. 1 

91. 9 

107. 7 

123. 7 

2. 33 




14. 5 

22. 0 

29. 7 

45. 1 

60. 8 

76. 6 

92. 5 

10 a 5 

124. 6 

2. 34 

— 

— 

---- 

14. 6 

22. 2 

29.9 

45. 4 

61. 2 

77. 1 

93. 1 

109. 2 

125.4 

2. 35 




14. 7 

22.4 

30. 1 

45. 7 

61. 6 

77.6 

93. 8 

110.0 

126.3 

2. 36 




14. 8 

22. 5 

30.3 

46.0 

62. 0 

7a 1 

94. 4 

110. 7 

127. 2 

2. 37 




14. 9 

22. 6 

30, 5 

46. 4 

62. 4 

7 a 7 

95. 1 

111. 5 

12 a 0 

2. 38 




15. 0 

22. 8 

30. 7 

46. 7 

62. 9 

79.2 

95. 7 

112. 2 

12a 9 

2. 39 

— 

— 

— 

15. 1 

22. 9 

30. 9 

47 ; 0 

63.3 

79.7 

96. 3 

113.0 

129. 8 

2. 40 




15. 2 

23.0 

31. 1 

47. 3 

63. 7 

80. 3 

97. 0 

113. 7 

130. 7 

2.41 




15. 3 

23. 2 

31. 3 

47. 6 

64. 1 

80.8 

97. 6 

114. 5 

131.5 

2. 42 




15. 4 

23.3 

31. 5 

47. 9 

64.5 

81.3 

oa 3 

115.3 

132.4 

2. 43 




15. 5 

23. 5 

31. 7 

4 a ? 

65. 0 

81.8 

98. 9 

116. 0 

133.3 

2. 44 

— 

---- 

— 

15. 6 

23. 7 

31. 9 

4 a 5 

65. 4 

82. 4 

99.6 

116. 8 

134. 2 

2. 45 




15. 6 

23.8 

32. 1 

4 a 8 

65. 8 

82. 9 

100. 2 

117.6 

135. 1 

2. 46 




15. 7 

23. 9 

32.3 

49.1 

66. 2 

83.5 

100. 9 

118. 3 

135. 9 

2. 47 


~' ~ 


15. 9 

24. 1 

32. 5 

49.5 

66. 7 

84.0 

101. 5 

119. 1 

136.8 

2. 48 




15. 9 

24. 2 

32.7 

49. 8 

67. 1 

84.5 

102. 2 

119. 9 

137. 7 

2. 49 

— 

— 

— 

16. 0 

24.4 

32. 9 

50. 1 

67.5 

85. 1 

102. 8 

120.6 

138.6 

2. 50 

— 

— — 

— - 

16. 1 

24. 6 

33. 1 

50. 4 

67. 9 

85. 6 

10 a 5 

121. 4 

139.5 


Figure 16.1U-6 

















TABLE SHOWING MINIMUM HEAD LOSS THHOUCH 
A PARSHALL FLUME WITH FREE FLOW CONDITIONS 


Discharge in c.f.s. 

Loss of Head in Flume 

6" 

9" 

12" 


.1 

.05 

,00 

9 9 0 

0 0 0 

.3 

.09 

.05 

7o6 1 

.04 

.5 

.16 

.09 

roe- 

.07 

.75 

.20 

.13 

.12 

.09 

1.0 

.25 

.17 

.14 

.11 

2.0 

.1*3 

.32 

.22 

.17 ' 

3.0 

.59 

.47 

.27 

.22 

4.o 

0 9 0 

.?8 

.31+ 

.26 

5.0 

HjjjjjHflHH 


.38 

.30 

6.0 

9 0 0 

.80 

■1H9I 

.33 

7.0 

0 0 0 

.97 


.37 

8.0 

0 0 0 

0 9 0 

.54 

.41 

9.0 

0 0 9 


.58 

.45 

10.0 

0 9 0 

0 0 0 

.62 

.48 

12.0 

0 0 0 

0 0 0 

75T" 

.52 

14.0 

0 0 0 

0 9 0 

.76 

^0 

16.0 

0 0 9 

0 0 0 

.83 

.68 

18.0 

0 0 0 

0 0 0 

0 0 0 

.72 

20.0 

0 0 0 

0 0 0 

0 0 0 

.77 

_22i2_ 

0 0 0 

0 9 9 

0 0 0 

*85 


Figure 16. 15 

Note: 

Losses figured for percentage of sttomergence of 60$ throat widths 
6” and 9” and 70% for throat widths of 12" and 18". For losses for 
other throat width or percentage of sttomergence, consult Farmers Bulle¬ 
tin No. 1683, U. S. Department of Agriculture. 
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Definition 


k. ORIFICE FLOW 


An orifice Is an opening with closed perimeter and of regular form 
through which water flows. If the opening flows only partially full, the 
orifice becomes a weir. The general formula for discharge through an ori¬ 
fice Is: 


Q ■ C a V2 gh where, 

Q ■ discharge c.f.s. 

C ■ discharge coefficient, 

a ■ cross-section area of orifice In square feet, 
g ■ acceleration of gravity, 32.16 feet per second, 

h ■ head on orifice In feet, where (h) is the head on the 

center of the orifice for orifices with free dis¬ 
charge and the difference In elevation of water 
surfaces for submerged orifices. 

Flow of Water Through Gates 

Gates are used to regulate passage of water through a. structure. The 
discharge Is derived from the orifice formula including all losses of head 
In the coefficient (C). Gate designs differ considerably and have varying 
degrees of contraction. Figure 16.17 gives values of (C) to be used to 
meet various conditions applicable to the type of gate shown In Figure 
16.16. It will be noted that there is full contraction at the top of the 
gate. 



h ■ difference In elevation 
of water surfaces above 
and below the gate. 


Figure 16,16 Submerged Gate 



iw ORIFICE FLOW (CONT'D) 


Flow of Water Through Gates (confd) 


COEFFICIENT OF DISCHARGE "C" FOR SUBMERGED GATES 



Taken from Klng*s Handbook of Hydraulics 


Figure 16,17 


For illustration, assume it is desired to know the discharge of a 
2-foot square gate having a difference in elevation of water surface above 
and below the gate of 1,5 feet, then 

Q ■ Ca \/2 gh 


C from Figure 16,17 is: ,71, a is U.O sq, ft,, and 
h is 1,5* 


Q ■ ,71 x U V2 x 32,2 x 1,5 ■ 27.9 c,f,s. 


The values given in Figure 16,17 are the average of the value obtained 
from the following formulas: 

Chattertons Formula: C ■ 0,6l5 + 0,007 x 2 

Bentons Formula: C ■ 0,7201 + ,007UW, where 

W is the width of opening 
in feet, 

5, PIPE FIjOW 

Definition 

Pipe flow is generally considered to be that flow occurring in a closed 
conduit and unde^ hydrostatic pressure. Under this condition, the conduit 
is flowing full. Whenever closed conduits flow partially full, the char¬ 
acteristics of such flow are the same as that for open channel flow. 
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5. PIPE FLOW (PONT»D) 


Pipe Friction 

Pressure is required to force water through a pipe due to the friction 
that is developed by the water coming in contact with the inside surface. 
Pressure is generally stated in pounds per square inch which is readily 
converted into feet of head by multiplying the pressure in pounds per 
square inch by 2,31, The simplest way to create pressure in a water system 
is to pump the water into an elevated storage tank. The difference in ele¬ 
vation between the water surface in the tank and the outlet is known as the 
pressure head. For the purpose of simplifying this discussion, pressure 
will always be stated in terms of equivalent feet of head. The loss of 
head due to friction or friction head is proportional to the length of pipe, 
roughness of the pipe, the square of the velocity, and is inversely pro¬ 
portional to the diameter of the pipe. Friction also occurs when water is 
forced through elbows, valves, or other obstructions in the system. The 
total head required to produce flow of a given amount of water is the sum 
of the loss due to friction in the pipe, the loss due to friction in various 
pipe fittings, and the head required to produce velocity and the inlet loss. 
The head required to produce velocity is expressed as 

v2 


Values for velocity heads for velocities up to ten feet per second are 
given in Figure 16.18, Figures 16.20-1 through 9 give the friction loss of 
various sizes of pipe laid in a straight line when discharging a given quan¬ 
tity of water. To obtain the loss for any other length of pipe, multiply 
the friction loss by the actual length divided by the appropriate increment 
of length of the table. 

The chart shown in Figure 16.19 gives losses for the various pipe 
fittings in equivalent lengths of pipe for smooth iron pipe. 

Flow of Water in Small Pipes 

One of the problems encountered in the field is that of determining 
pipe sizes and capacities for small pipes such as are used for domestic 
water supply. These computations involve pipe friction, pressure, length 
of pipe, number and kind of fittings. The following discussion outlines 
the major factors to be considered and examples of the use of various 
tables. 

Example; Determine the size pipe required to discharge 10 g. p, m., at 
the outlet under atmospheric pressure (free discharge) for the instal¬ 
lation shown in Figure 16.21. 

The total length of the pipeline is SOS feet and contains one globe 
valve, three 90-degree elbows and two U5-degree elbows. The total effec¬ 
tive head (h) is 20 feet. The problem is solved by trial. 



VELOCITY HEADS AMD ENTRANCE HEADS 
FOR PIPE IN FEET OF WATER . 



From "Handbook of Water Control" - Hardesty 
Figure 16.18 
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Globe Valve, Open. 



Angle Valve, Open• 

© 
Ctoac Return Bend 



Standard Tee 
Through Skle Outlet 


Standard Elbow 



lard Elbow or run of I 
Tea reduced ft 

Medium Sweep Elbow or 1 
run of Tee reduced J4 

%© 

Long Sweep Elbow or— 
tun of Standard Tee 




Note: 
den co 
O O ter, d, 
^ ^ ' 


Example: The dotted line shows that 
the resistance of a 6 -inch Standard El¬ 
bow Is equivalent to approximately 16 
feet of 6 -inch Standard Pipe. 

Note: For Sudden enlargements or sud- 
contractions, use the smaller dlame- 
on the pipe size scale. 


ML 


Gate Valve 
Closed 
—ViCloeed 
—WCloeed 
—Fully Open 

Standard Tee 

' r 

Square Elbow 

\13fe3L—. 


js^ 

— -“bi 


Borda Entrance 


V 


Sudden EnUrgeRient—| 

L_d/ D - !4 

<VD-14 


3000 

2000 

r 1000 

r 500 

-300 

-200 

7100 

i 

f I 


Ordinary Entrance 



4 r-A Sudden Contraction 

\y— d /D-w 

\ ’— d /D- Vi 
\- d /D-34 


-45* Elbow 


4S- 

42— 

36 - 
30- 


I—50 


22 - 


24H 


20 - 


18- 


16—! 


rlO 


14 - 


i i2—i 

E 10— 

1 9 

_<2 7 - 

'i ~6— 


| 

-3 

2 

z i 

r as 
-0.3 
- 0.2 

-ai 


|4I4- 
1 314- 


5 —I—s 




2 H~2 


x Vi m 


hH 






-30 


20 


•10 


f—1 




Figure 16*19 Resistance of Valves and Fittings in their Equivalent 

Length of Straight Pipe, in Feet 





Gallons of Water 

Entering Pipe l/U” 
Per Minute 


FRICTION LOSS IN SMALL DIAMETER PIPE 


NOMINAL DIAMETER OF PIPE IN INCHES 

3/8" 1/2" 3/U" 1” li" l|" 2" 2^' 

Friction Loss in Feet for Each 100 Feet of Pipe in Use for 15 Years 





¥ 1-91 
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HEAD LOSS IN FEET PER THOUSAND FEET 
Concrete Pipe With Mortar Joints 
n - 0.013 


D ■ Diameter of Pipe in Inches 


8 " 10 " 12 " 14 " 1 9 ' 



28.1 

UWI 

r i 3.8 i 

■n 

31.3 

21.6 

ran 

8.2 

34.7 

24.0 

17.0 

na 

M 

2.0 

29.0 

EM 

PH 

11.0 


o.o 

B9H 

13.0 


18.0 

1 8079 

20.0 

□ 

977 



' Figure 16. 20-2 
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HEAD LOSS IN FEET PER THOUSAND FEET 

Concrete Pipe With Concentric Gasket Joints 

_ n » 0.011 _ 

D • Diameter of Pipe in Inches 


c.f.s. g.p.m. 

225 


10" 12"’ 1U" 15" 16" 18" 


O.h 0.1 



Figure 16.20-3 


HHHHHCViWWOi m J4 1ANO C^CG CKQ Hr\4t^0 4 
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HEAD LOSS IK FEET PER THOUSAND FEET 
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Plastic Pipe 


n ■ 0.009 


Q 

Nora 

Inal Diameter in Inches 

5 

6 

8 

10 

12 

15 

c# f # s# 

g# 

Area in Square Feet I 

.0873 

.1963 

.3591 

.5555 

.7855 

1.2272 

0.1 

1*5 

1.3 






0.2 

96 

5.3 






0.3 

135 

11.9 

i#U 

0.5 

0.1 



oJT~ 

T80 ^ 

21.2 

2.5 

0.5 

0.2 



0.5 

225 

33.1 

3.8 

0.8 

0.3 

0.1 


0.6 

270 

57.6 

5.5 

1.2 

0.5 

0.1 


0.7 

315 

65.9 1 

7.5 

1.6 

0.5 

0.2 


o78 

~36o 


9.7 

2.1 

076“ 

0.2 

0.1 

0.9 

5o5~' 


12.3 

2.7 

578“ 

0.3 

0.1 

1.0 

559“ 


15.2 

3.3 

l.o 

0.5 
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Figure 16.20-1* 
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HEAD LOSS IN FEET PER THOUSAND FEET 
Smooth Interior Corrugated Metal Pipe 
n * 0,010 



Figure 16,20-5 

































































































































HEAD LOSS IN FEET PER THOUSAND FEET 
Inside Lined Welded Steel Pipe 
n • 0,010 


164*9 



Figure 16 . 20-6 




























































































































































HEAD LOSS IN FEET PER THOUSAND FEET 
Inside Lined Welded Steel Pipe 
n • 0,010 
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Figure 16.20-7 
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HEAD LOSS IN FEET PER THOUSAND FEET 
Unlined Welded Steel Pipe 
n - 0,012 


16-51 
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Figure 16 . 20-8 

























































































































HEAD LOSS IN FEET PER THOUSAND FEET 
Unlined Welded Steel Pipe 
n - 0.012 



Figure 16.20-9 
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5, PIPE FLOW (CONT »D) 
Flow of Water in Small Pipes (cont'd) 



Assume 1^-inch diameter steel pipe. The friction loss under a dis¬ 
charge of 10 g.p.m., is 3.05 feet per 100 feet of pipe from Figure 16,20-1. 
The loss of head incurred in the fittings based on the equivalent length of 
pipe from Figure 16,19 Is: 

3 - li-inch diameter 90-degree elbows @ 3,75 ft, » 11.25 

2 - lj-inch diameter ii5-degree elbows @ 1.72 ft. ■ 3.kk 

1 - Globe valve ■ 36,00 

50.69 

The total friction head loss in the system will be: 

505 ♦ 50.7 x 3.05 - 16.9 
100 

This computation shows that a difference in elevation of 16,9 feet would 
produce a flow of 10 g.p.m. Actually, the difference is 20 feet, which 
means that the water, as it discharges is under a head of 3.1 feet, which is 
on the safe side. 

Flow Through Outlets or Culverts 

The quantity of water that will pass through an outlet pipe depends on 
the total head or pressure, the size of the pipe, the length of the pipe, 
the materials of which the pipe is made, entrance and outlet conditions, 
and the presence of sharp bends, sudden enlargements, sudden contractions, 
or other conditions that tend to disturb uniform flow. Under these condi¬ 
tions, the capacity of the pipe may be figured as that of a s hort t ribe, 
having both ends submerged, using the orifice formula Q ■ C a \f2 gh, includ¬ 
ing all losses of head in the coefficient of discharge (C). The formula 
applied will permit accurate estimates of flow to be rapidly made. To 
obtain the maximum discharge, the intake must be submerged to a depth equal 
at least to the sum of the velocity head and loss of head at entrance. The 
discharge is entirely independent of the slope of the tube. It depends 
only on (h), the difference in elevation of water surface at intake and 
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TfcW-18 

COEFFICIENTS OF DISCHARGE 11 C 11 FOR CULVERTS * 


Corrugated Metal Pipe, Square-Cornered Entrance 


Length 

Diameter of Pit; 

>e "d" | 

ii L n 

0.5 

1.0 

1^ 

2.0 

E89I 

370 

gOfli 

| 

10 

.53 

.67 

.74 

.77 

.78 

_.79 

.80 

.80 

20 

.41 

.55 

.63 

.68 

.71 

IK9 

.74 

.75 

30 

.34 

.48 

.56 

.62 

.65 

.68 

.70 

.71 

40 

.30 

.43 

.51 

.57 

.61 

.64 

.66 

.68 

50 

.27 

.39 

.47 

HSI 

.57 

.61 


.65 

I 00 

.25 

.36 

.44 

.50 

— 

.58 

.60 

.62 

70 

.23 

.34 

.42 

.47 

.52 

.55 

.58 

.60 

SO 

.22 

.32 

.40 

.45 

.49 

■EEM 

.56 

mmm 

90 

.Si 

.31 

.38 

.43 

.47 

.51 

.54 

• 56 

100 

.20 

.29 

.36 

.41 

.46 

.49 

.52 

.54 


Concrete Pipe, Square-Cornered Entrance 


Length 

»L" 

Diameter of Pipe "d" 

0.5 

1.0 

KSJH 

2.0 

2.5 

o 

• 

to 

3.5 

4.0 

10 

.74 

.80 

.81 

.80 

.80 

.79 

• 

00 

.77 

20 

.64 

.74 

.77 

.78 

.78 

.77 

.77 

.76 

30 

.58 


.73 

■m 

.76 

.76 

.76 

.75 

40 

.53 

.65 

.70 

.73 

.74 

.74 

.74 

.74 

50 

.49 

.62 

.68 

.71 

■B 

.73 

.73 

.73 

60 

.46 

.59 

.65 

.69 

.71 

.72 

.72 


70 

.43 

.57 

.63 

.67 

.69 

.70 

wmsm 

.71 

80 

.41 

.54 

.61 

.65 

.68 

.69 

.70 

.70 

90 

.39 

.52 

.60 

.64 

.66 

.68 

.69 

.70 

100 

.37 

.51 

.58 

.62 

.65 

.67 

.68 



Concrete-Box Culvert , Square-Cornered Entrance 


Length 

"L" 

Hydraulic Radius "r" 

0.2 

0.3 

0.4 

0.5 

CO 

• 

o 

0.8 

1.0 


10 

.79 

.82 

.83 


.84 

.84 

.83 

_.83 1 

. 20. _ 

mum 

_ .77 

.79 

_ .81 


_ _. A 82 

mem 

■p.ra 

30 

.67 

.73 

.76 

.78 

_.79 

_.80_ 

.81 _ 

Ml 

40 

.62 

.69 

.73 

msm 

■KSH 

■a 

.80 

.80 

50 

.58 

.66 

.71 

mam 

.75 

.77 

.78 

HI 

60 

.55 

Him 

.68 

.71 

.73 

.76 

mssm 

.78 1 

70 

.53 

.61 

.66 

.69 

.72 

.75 

mom 

WKEMl 

80 

.50 

.59 

.64 

.68 

.70 

.74 

■m 

.76 1 

90 

.48 

.57 

.62 

wmm 

.69 

■Him 

HI 

HUS 

— 

.47 

.55 

.61 

.65 

.67 

.71 

.74 

.75 


From "Flow of Water Through Culverts" - Iowa Bulletin # 1 


Figure 16.22 
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5. PIPE FLOW (CONT*D) 

Flow Through Outlets or Culverts (cont'd) 

outlet. Figure 16.22 gives values of the discharge coefficient (C) for the 
various diameters and lengths of culverts. Inasmuch as the experiments 
from which the above coefficients were derived include only lengths of 2h 
to 36 feet, it would appear best for long culverts to use the (C) for a 
length of 25 to 50 feet and compute the head lost in the remainder of the 
conduit by an open channel or pipe formula. The (h) to be used is then 
the difference in elevation of water surfaces at entrance and outlet minus 
this computed loss of head. In selecting values of (C) for intermediate 
size culverts, discharge coefficients may be interpolated from the tables. 

An example showing the steps followed in the solution of a typical 
problem follows: 





Figure 16.23 

Determine the diameter of corrugated metal culvert pipe in Figure 16,23 
required when subjected to the following conditions: 

Rate of flow • 13 c.f.s. 

Length ■ 50 feet 

Maximum head (h), (difference in elevation of water 

surface upstream and downstream) ■ li.O feet 

Since the solution of this problem involves the trial method, a value 
of (C) of 0,50 will be assumed. 

From the formula Q ■ CA\J2 gh, A ■ Q • 

C-?2 gh 

A ■_13_ ■ _ 13 ■ 1,62 sq. ft. 

0.50 \/2 x 32.16 x 1* 0.50 x 16.01* 

Area of circular section - 3.11* x d 2 d 2 ■ 1*A 

l 3HU 

d 2 - U x 1.62 - 2.07? d - 1,1*1* feet. 

3. Hi 
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SMOOTH PIPE CULVERTS - Free Outlet 

With Water Surface at Inlet Sane Elevation as Top of Pipe, and Outlet Unsubmerged 

Values Are in Ctfoic Feet Per Second 










DIAMETER OF PIPE, IN INCHES 








Per Cent 

8 

10 

12 

15 

18 

21 

24 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

108 

120 

.1 

0.4 

.08 

1.2 

2.1 

3.5 

5.4 

7.5 

14 

22 

34 

50 

70 

90 

115 

145 

180 

213 

250 

310 

430 

550 

.2 

0.6 

1.2 

1.8 

3.2 

5.0 

7.6 

10.8 

19 

31 

47 

67 

95 

125 

158 

197 

242 

290 

350 

415 

465 

730 

.3 

0.7 

1.4 

2.2 

3.8 

5.9 

8.9 

12.8 

23 

37 

54 

77 

104 

137 

178 

220 

268 

325 

390 

455 

615 

805 

.4 

0.8 

1.4 

2.3 

4.1 

6.5 

9.7 

13.9 

24 

39 

58 

83 

108 

142 

183 

227 

280 

330 

400 

470 

630 

810 

.5 

0.8 

1.5 

2.4 

4.4 

6.8 

10 

14.4 

25 

40 

59 

83 

110 

145 

185 

230 

280 

330 

400 

470 

630 

810 

.6 

0.9 

1.8 

2.5 

4.5 

7.0 

10 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

.8 

0.9 

1.6 

2.6 

4.8 

7.1 

11 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

1.0 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

1.2 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

1.4 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15. 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

1.6 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

1.8 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

2.0 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

2.2 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

2.4 

0.9 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

na 

150 

190 

230 

280 

330 

400 

470 

630 

810 


Figure l6*2U 


CORRUGATED PIPE CULVERTS - Free Outlet 

With Water Surface at Inlet Same Elevation as Top of Pipe, and Outlet Unsubmerged 

Values Are in Ctibic Feet Per Second 


DIAMETER OF PIPE, IN INCHES 


Per Cent 

8 

10 

12 

15 

18 

21 

24 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

108 

120 

1 

! 

0.2 

0.4 

0.6 

1.3 

2.1 

3.3 

4.7 

8 

12 

20 

25 

36 

47 

67 

85 

110 

130 

160 

190 

270 

330 

k 

j .2 

0.3 

0.6 

1.0 

2.0 

3.1 

4.7 

6.8 

12 

19 

30 

42 

57 

77 

100 

130 

160 

190 

230 

270 

380 

500 

r 

i - 3 

0.4 

0.8 

1.3 

2.4 

3.9 

5.9 

8.3 

15 

25 

37 

53 

72 

97 

120 

150 

190 

230 | 

280 

330 

450 

600 

t 

.4 

0.5 

0.9 

_L5j 

2.8 

4.4 

6.8 

9.S 

17 

28 

42 

62 

83 

110 

140 

180 

220 

270 

320 

380 

510 

670 

k 

k 

.5 

0.6 

!.0 [ 

1.7 

3.0 

4.9 

7.5 

10. 

, 19 

31 

46 

68 

“j 

120 

150 

190 

240 

290 

340 

410 

560 

730 

1 

.6 

0.6 

1.1 

1.9 

3.3 

5.4 

8.1 

11. 

J 21 

33 

50 

72 

97 

130 

160 

[210 

250 

300 

360 

430 

580 

770 

1 

f .8 

0.8 

1.2 

2.1 

3.7 

6.1 

9.0 

JIT" 

23 

3?J 

55 

77 

100 

140 

180 

220 

270 

320 

390 

460 

620 

810 

* 

1.0 

0.8 

1.4 

2.3 

4.0 

6.5 

1 9.6 

14 

24 

39 

57 

80 

no [ 

140 

180 | 

230 

280 

330 

400 

470 

630 

810 


1.2 

0.8 

1.5 

2.4 

4.3 ( 

6.8 

10. 

14 

25 

40 

59 

_82j 

no 

150 | 

180 

230 

280 

330 

400 

470 

630 

810 

1 

I 1.4 

0.9 

1.6 

2.5 

4.4 

7.0 

10 

15 

25 

40 

59 [ 

63 

110 [ 

150 

ISO 

230 

280 

330 

400 

470 

630 

810 

1 

1.6 

0.9 

1.6 

2.6 

4.5 

7.1 

10 

15 

26 

40 | 

59 

83 

f 110 

150 

190 

230 

280 

330 

400 

470 

630 

810 


1.8 

s 

0.9 

16 r 

2.6 

4.6 

7.1 

11 

15 

26 i 

1 40 

59 

83 

110 

150 

190 

230 

280 

330 

400 

470 

630 

810 

V 

1 

2.0 

0.9 

, 1-6 1 

2.6 

4.6 

7.1 

11 

15 

26 

40 

59 

83 

no 

150 

190 

230 

280 

330 

400 

470 

630 

810 

1 

J 2.2 

0.9 | 

1.6 

2.6 

4.6 

7.1 

11 

15 

26 

40 1 

59 

83 

no 

150 

190 

230 

280 

330 

400 

470 

630 

810 

I; 

2.4 

0.9 

1.6* 

2.6 

4.6 ' 

7.1 

11 

15 

26 

40 

59 

83 

no 

150 

190 

230 

280 

330 

400 

470 

630 

810 

I 


Note: The values in bold face type indicate discharge at the approximate "critical slope," beyond which 
for any given size culvert. 

The "stairs" of heavy horizontal lines beginning at the upper left and reading downward and to the right 
of 2, 4, 6, 8 and 10 feet per second. 


the discharge remains constant 
indicate approximate velocities 


Figure 16.25 


Taken from "Handbook of Water Control - Hardesty Co, 
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CAPACITY OF OORRTJ3ATED METAL PIPE 
CASE II - SUBMERGED OUTLET 
CULVERT FLOWING FULL - STRAIGHT ENDWALL ENTRANCE 
CULVERT LENGTH 30,6 FEET 
Values are in Ctibic Feet Per Second 


Head on 
Pipe in 
Feet 

12 Inch 

*15 inch 

18 inch 

*21 inch 

Minch 

30 Inch 

*36 inch 

*42 Inch 

*48 inch 

.01 

0.31 

.52 

.79 

1.13 

1.54 

2.57 

3.92 

5.60 

7,62 

.02 

.44 

.73 

1.12 

1.60 

2.17 

3.64 

5.55 

7.92 

10.8 

.03 

.54 

.90 

1.37 

1.96 

2.66 

4.46 

6.79 

9.70 

13.2 

.04 

.62 

1.04 

1.58 

2.26 

3.07 

5.15 

7.84 

11.2 

15.2 

.05 

.69 

1.16 

1.77 

2.52 

3.44 

5.76 

8.77 

12.5 

17.0 

.06 

.76 

1.27 

1.94 

2.77 

3.76 

6.30 

9.61 

13.7 

18.7 

.07 

.82 

1.37 

2.09 

2.09 

4.07 

6.82 

10.4 

14.8 

20.2 

08 

.88 

1.47 

2.24 

3.19 

4.35 

7.28 

11.1 

15.8 

21.5 

.09 

.93 

1.56 

2.38 

3.39 

4.61 

7.72 

11.8 

16.8 

22.9 

.1 

.98 

1.64 

2*50 

3.57 

4.86 

8.14 

12*4 

17.7 

24.1 

• 2 

1 *39 

2.32 

3.54 

5.05 

6.87 

11.5 

17.5’ 

25.0 

34^1 

.3 

1.70 

2.84 

4.33 

6.18 

8.42 

14.1 

21.5 

30*7 

41.8 

.4 

1.96 

3.28 

5.00 

7.14 

9.72 

16 3 

24.8 

35.4 

48.2 

.5 

2.19 

3.67 

5.59 

7.98 

10.9 

18.2 

27.7 

39.6 

53.9 

6 

2.40 

4.02 

6.13 

8.75 

11.# 

19.9 

30.4 

43.4 

59.1 

-7 

2.59 

4.34 

6.62 

9.45 

12.9 

21.5 

32.8 

46.9 

63.8 

.8 

2.77 

4*44 

7.07 

10.1 

13.8 

23.0 

35.1 

50.1 

63.2 

.9 

a m 

2.94 

4.92 

7.51 

10.7 

14.6 

24.4 

37.2 

53.1 

72.3 

1-V 

a. IV 

5.19 

7.91 

11.3 

15.4 

25.7 

39.2 

56.0 

76.2 

1.2 

3.40 

5.69 

8.66 

12.4 

16.8 

28.2 

43.0 

61.3 

83.5 

1.4 

3.67 

6.14 

9.36 

13.4 

18.2 

30.5 

46.4 

66.3 

90.2 

1.6 

3.92 

6.57 

10.00 

14.3 

19.4 

32.6 

49.6 

70.8 

96.4 

1.8 

4.16 

6.96 

10.40 

15.2 

20.6 

34.5 

52.6 

75.1 

102.0 

2.0 

4.38 

7.34 

11.20 

16.0 

21.7 

36.4 

55.5 

79.2 

108 

2.2 

4.4# 

7.70 

11.74 

16.8 

22.8 

38.2 

58.2 

83.1 

113 

2.4 

4.80 

8.04 

12.25 

17.5 

23.8 

39.9 

60.8 

86.8 

118 

2.6 

5.00 

8.37 

12.81 

18.2 

24.8 

41.7 

63.0 

90.3 

123 

2.8 

5.19 

8.69 

13.24 

18.9 

25,7 

43.1 

65.6 

93.7 

128 

3.0 

5.37 

8.99 

13.70 

19.6 

26.6 

44.6 

67.9 

97.0 

132 

3.2 

5.55 

9.29 

14.26 

20.2 

27,5 

46.1 

70.2 

100.2 

136 

3.4 

5.72 

9.57 

14.60 

20.8 

28.4 

47.5 

72.3 

103.5 

141 

3 5 

5.80 

9.71 

14.80 

21.1 

28.8 

48.2 

73,4 

105.0 

1 

143 


Noth— This table is based on the formula Qj-3.10 D 9 ** 1 H o so for corrugated pipe 
in which Q —discharge in cubic feet per sec. D —diameter of pipe in feet ami H — 
head on pipe in feet —difference in elevation of water surface at inlet and outlet ends. 

♦No experiments made on these sizes—Quantity computed by formula. 

This capacity table is compiled from figures obtained through a series of testa 
made by the Bureau of Public Roads at the Hydraulic Testing Plant of the Uni* 
versity of Iowa. Note that capacities are for 30.6 ft. lengths ofpipe. 

The figures in bold face type are for velocities of approx. 2, 4 and 6 fL per 
second, reading downwards. 


Taken from "Handbook of Water Control" - Hardesty Co. 


Figure 16.26 
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5. PIPE FLOW (CONT*D) 


Flow Through Outlets or Culverts (confd) 

Try 1.5-foot or 18-inch culvert. 

Checking: C from Figure 16.22 - ,kl 


Q - CA \ZTgh 


.U7 x 3.lit (1.5) 2 x \/2 x 32.16 x k 


13*3 c.f.s. 


which Is okay. An 18-inch diameter culvert pipe is satisfactory. Capaci¬ 
ties of culverts are given in Figures 16.2U, 16.25, and 16.26. The type of 
culvert and conditions affecting the flow are given at the top of each table 

Design of Inverted Siphons 

To find the size of an inverted siphon to carry a given amount of water, 
similar procedures are used as for determining flow through small pipes pre¬ 
viously described. All of the losses are determined in terms of head ex¬ 
pressed In feet. The sum of all of these losses is the head, or difference 
in elevation between the ends of the siphon, necessary to carry the desired 
quantity of water. The losses to be considered are shown below: 

H ■ the total head. 

Hy • head required to give the necessary velocity. 

Hf ■ head required to overcome friction in pipe. 

H s ■ head required to overcome friction at entrance, 

Hfc * loss of head due to bends, (This may be ejqjressed 

in terms of Hf by using equivalent length of pipe 
for each bend as shown in Figure 16.28.) 

The formula for the total head Is H - H v + H e + Hf + H^. Figure 16.29 
gives in feet per 100 feet of corrugated pipe, also area of pipe in 
square feet, and velocity in feet per second when the pipe is carrying a 
given amount of water. 

Example of Inverted Siphon Design. Figure 16.27 shows a typical in¬ 
verted siphon installation. Procedures of design are shown in the follow¬ 
ing example: 



Figure 16.27 
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LOSS OF HEAD IN ELBOWS EXPRESSED IN EQUIVALENT LENGTH OF PIPE 
(SQUARE ELBOWS - NO ROUTCING OF CORNERS) 

(FOR CORRUGATED METAL PIPE, n ■ 0.025 ) 

I Pipe Diameter 


.bow 

12" 

15" 

18" 

21" 

24" 

90° 

13 

17 

22 

27 

33 

45° 

10 

13 

17 

21 

25 


Fig. 16.28 

FRICTION HEAD LOSS PER 100 FEET IN CORRUGATED PIPE 
AND VELOCITIES IN FEET PER SECOM) 

FOR QUANTITIES OF WATER FROM 0.5 TO 10 C.F.S. 


Diam - 21" 






.07 


.29 


.65 


1.16 


1.82 


2.62 


3.57 


4 .66 


5.89 


7.28 


10.48 


14.26 


18.63 


23.58 


29.11 


6.37 2.21 


7.64 3.19 


8.91 4.34 


10.19 5.67 


11.46 7.18 


12.73 8.86 


3.26 


3.67 


4.07 


4.89 


5.70 


6.52 


7.33 


.84 2.83 


1.21 3.40 


1.64 3.96 


2.14 4.53 


2.71 5.09 


16.29 



.83 

1.04 


1.25 


1.46 


1.66 


1.87 


2.08 


2.49 


2.91 


Area. - 

3.142 

sauare 

feet 


Vel. 

1 

1 

.16 

.01 

.32 

.02 

• 

CO 

n 

.64 

O 

.80 


.95 

1 

1.11 

0 

1.27 

n 

1.43 

R9 

1.59 

g 

1.91 

E9 

2.23 

.46 

2.55 

.58 

2.86 
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5. PIPE FLOW (CONT«D) 

Design of Inverted Siphons (cont < d) 

Given: A siphon as shown, to carry 1* cubic feet per second. Velocity 
In ditch is 2 feet per second. 

Find: Size of pipe and required head (H). 

H - H v + H e + Hf + Hb 

Assume that an 18-inch corrugated pipe is large enough. From Figure 
16,29 find that the velocity in an 18-inch corrugated pipe is 2,26 f,s, wher. 
the pipe is carrying i; c.f.s. Also from the same table Hf ■ per 100 
feet of pipe. Look up the value of H v in Figure 16,18 when the velocity is 
2,26, This is found (by interpolation) to be ,08 feet, H e for a sharp- 
cornered entrance is found to be ,01; feet, 

Hf ■ ,5>1| x 2,95 (length of pipe in hundreds of feet) * 1,59 

Hb * for one l;5-degree elbow Figure 16.28 is found to be equivalent 
to the loss of head in 17 feet of pipe, or ,09 feet. For two 
elbows, Hb ■ 2 x ,09 * ,18 feet, 

H - ,08 + .01; + 1.59 + .18 - 1.89 

If there is 1,89 feet of fall from the inlet water surface to the 
outlet water surface, the 18 -inch pipe is satisfactory. If more than 1.89 
feet is available, solve the problem again using a smaller pipe. If there 
is less than 1.89 feet available, solve again using a larger pipe. 

Closed Conduit Spillways 

Definition. This type of spillway is known by a number of different 
names which are commonly associated with the different uses to which the 
spillway is put. The most common of these names are Drop Inlet Spillway 
and Trickle Tube Spillway, 

As used here, a closed conduit spillway will mean a pipe culvert in¬ 
cluding an entrance and outlet. The culvert may consist of a barrel on a 
flat or steep slope connected to a vertical riser as shown in Figure 16.30 
or may consist of a straight pipe on a flat or steep slope. 

Materials, Metal pipe, precast concrete pipe, or poured concrete is 
used for closed conduit spillways. 

Drop Inlet Spillways, Drop Inlet Spillways should be designed such 
that the riser diameter is at least 1.25 times the diameter of the barrel. 
In determining weir flow conditions, the weir length "L" for a circular 
riser with a headwall is 2.57 times the diameter of the riser. 

Capacity of Drop Inlet Spillways. A number of different equations are 
used to compute the flow through drop inlet spillways. A discussion of 
these equations are considered beyond the scope of this Handbook and will 
not be covered. For complete information regarding this stibject, reference 


Weir Control at Entrance 



Orifice Control at Entrance 
of Barrel or Short Tube 
Control 


Figure 16, 
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Orifice Control at Crest of 
Riser 



Full Pipe Flow 
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I 

■m 

;.J 

Closed Conduit Spill' 

Capacity of Drop Inlet Spillvays (cont <d) 

fl 

Is made to Technical Paper Wo. 12, Series B Hydraulics of Closed Conduit 

Spillways, Part 1. Theory and Its Application, by USDA-SCS-Research. 

J 

For the purposes of this discussion, it Is considered that coverage 
will be confined to conditions which control discharge and to the use of 
developed tables which are applicable to solution of simple drop inlet 
design for corrugated pipe, 

| 

Weir flow at the conduit entrance may control the capacity. Discharges 
for this condition are given in Figure 16.32. Secondly, discharge may be 
controlled by an orifice at the crest of the riser or at the barrel 
entrance. Discharges for these conditions are given in Figure 16.33-1 and 
Figure 16.33-2. The discharge may be controlled by the entire conduit 
flowing full. Discharges for this condition are given In Figure 16.3U-1 
and Figure 16.3U-2. Figure 16.3? is head discharge tables for weir, orifice 
I and full pipe flow for small diameter corrugated pipe used as trickle tubes, 

J For a given head condition and pipe sizes and lengths, all four con¬ 

ditions should be evaluated from the tables. The lowest value thus 
determined will be the actual and controlling discharge of the spillway. 

If 

j Figure 16.30 shows the type of flow control which may exist in a drop 

J Inlet spillway. 

1 

Example of Drop Inlet Flow Determination 

| 

The solution of the following example is presented for conditions 
given in Figure 16.31. 


?. PIPE FLOW (C0NT*D) 
s (cont*d) 



Figure 16.31 
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HEAD DISCHARGE TABLE FOR CORRUGATED METAL PIPE 
DROP INLETS 

_ (WEIR FLOW CONDITION) _ 


Riser 

Diameter 

Inches 

H 

lead i 

tn Feet 








Q 

in 

KB 

Q3 

USES 

15 

Q 

3.8 


6.3 


ORIFICE 

18 

3.2 

Q 

5.9 

m 

9.3 

10.9 


FLOW 

21 

3,8 

5.3 

7.0 

8.8 

10.7 

12.8 

15.0 

CONDITIONS 

21* 

KB 


IB 


12.3 

11*. 6 

17.1 

19.7 

22.1* 

CONTROL 

30 

ES 

7.5 

9.8 

12.6 

15.1* 

18.2 

21.1* 

2l*.6 



35.5 


36 



11.8 

15.1 

I 8.5 

21.8 

25.7 

_ 

29,5 

33.6 



1*7.2 

51.9 

1*2 

m 










1*9.8 



1*8 

8.6 

12.0 

15.7 

20.2 





1*1*. 8 

50.7 

56.8 

63.0 

69.1 

51* 





27.7 

32.8 

38.5 






77.8 

60 



19.7 

25.2 

30.8 

36.1* 

1*2.8 

1*9.2 

56.1 

63.3 

71.0 

78.7 

86.1* 


Riser 

Diameter 
Inches 

Head in Feet 1 

1.7 

1.8 

KB 

2.0 

WBM 

2.2 

2^, 

2.1* 

2.5 

1*2 

66.5 

72.5 

ORIFICE FLOW 

1*8 

76.0 

82.8 

89.7 

96.9 

101*. 1 

CONDITIONS CONTROL 

5U 

85.5 

93.2 

100.9 

109.0 

117.1 

125.6 

131*. 5 

11*3.3 


60 

95.0 

103.6 

112.1 

121.1 

130.1 

139.5 

11*9.3 




WDTES: ( 1 ) The discharge capacities shown in this table are based on the 
formula: 3/2 

Q 2 ■ C 2 L H 2 

Q 2 ■ discharge capacity of weir, in c.f.s. 

C 2 • weir coefficient ■ 3*33 

L ■ length of weir crest, in feet (for circular riser with 
headwall, L • 2,57 times diameter of riser), 

H 2 ■ distance from crest of riser to water surface in 
reservoir, in feet, 

(2) The diameter of the riser should be at least 1^ times the 

diameter of barrel, 

(3) Use this table in conjunction with orifice flow and full pipe 

flow conditions to determine capacity of the drop inlet. 


Figure 16.32 






















































































HEAD DISCHARGE TABLE FOR CORRUGATED METAL PIPE 

DROP INLETS 

(Orifice Control Conditions at Crest of Riser or Entrance to Barrel) 


Dia. 

Head i 

tn Feet ! 

Inches 

1.0 

■B 

2.0 

2.5 

3.0 


U.o 

1*.5 

5.o 

5.5 

6.0 

6.5 

7.0 

■S 

8.0 

8.5 

9.0 

12 

^21 

S.o 

5.8 

6.3 

m 

Q 

8.2 

8.7 

10 

9.6 

10.0 

10. k 

10.8 

11.2 

11.6 

11.9 

12.3 

15 

ESI 

8.2 


10.6 

11.6 

12.6 



i5.o 

15.8 

16.5 

17.1 

17.8 

18.1* 

19.0 

19.6 

20.2 

o 

10.1 

12.3 

Hi. 3 

16.0 

17.5 

18.9 



22.5 

23.6 

21*. 7 

25.7 

26.7 

27.6 

28.5 

29.1* 

30.2 

B 

13,8 

17.0 

19.6 

21.9 

21*. 0 

25.9 

27.7 

29. 1* 

31.0 

32.5 

33.9 

35.3 

36.6 

37.9 

39.2 

1*0.1* 

1*1.6 

21* 


22.5 

26.1 

29.2 

32.0 

31*. 5 

36.8 

39.0 

14.1 

1*3.1 

1*5.0 

1*6.9 

1*8.6 

50.3 

52.0 

53.6 

55.1 

30 


35.2 

1*0.8 

1*5.1* 

1*9.9 

53.8 

57.5 

61.0 

61*.3 

67.1* 

70. k 

73.3 

76.1 

78.7 

81.3 

83.8 

86.2 

36 

Weir 


58.7 

65.7 

71.9 

77.8 

82.9 

87.9 

92.7 

97.2 

101.5 

105.7 

109.7 

113.5 

117.2 

120.8 

121*. 1* 

1*2 

Flow 

79.8 

88.2 

97.7 

105.5 

112.6 

119.5 

125.9 

132.1 

137.9 

11*3.6 

11*9.0 

151*. 2 

159.3 

161*. 2 

169.0 

1*8 

Controls 

115.0 

125.5 

136.0 

11*5.2 

15U.0 

162.3 

170.2 

177.8 

185.0 

192.1 

198.7 

205.3 

211.6 

217.8 


Figure 16,33-1 
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Dia . 

Head I 

In Feet 

Inches 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

13.0 

13.5 

11 *. 0 

11 *. 5 

15.0 

16.0 

17.0 

18.0 

19.0 

20.0 

12 

12.6 

12.9 

13.3 

13.6 

13.9 

11 *. 2 

H *. 5 

11 *. 8 

15.0 

15.3 

15.6 

15.8 

16 . 1 * 

16.9 

17 . 1 * 

17.8 

18.3 

15 

20.7 

21.2 

21.8 

22.3 

22.8 

23.3 

23.8 

21 *. 2 

21 *. 7 

25.1 

25.6 

26.1 

26.9 

27.7 

28.5 

29.3 

30.0 

18 

31.1 

31.9 

32.7 

33 . 1 * 

31 *. 2 

31 *. 9 

35.6 

36 . 1 * 

37.0 

37.7 

38 . 1 * 

39.0 

1 * 0.3 

1 * 1.6 

1 * 2.8 

1 * 3.9 

1 * 5.1 

21 

1 * 2.7 

1 * 3.8 

1 * 1 *. 9 

1 * 6.0 

1 * 7.0 

1 * 7.9 

1 * 9.0 

50.0 

50.9 

51.8 

52.8 

53.6 

55 . 1 * 

57.0 

58.8 

60 . 1 * 

61.9 

21 * 

56.7 

58.1 

59.6 

61.0 

62.3 

63.7 

65.0 

66.3 

67.6 

68.8 

70.0 

71.2 

73.5 

75.8 

78.0 

80.1 

82.2 

30 

88.6 

90.9 

93.1 

95 . 1 * 

97 . 1 * 

99.6 

101.6 

103.7 

105.6 

107.6 

109.5 

111.3 

115.0 

118.5 

122.0 

125.3 

128.6 

36 

127.8 

131.1 

131 *. 3 

137.5 

11 * 0.5 

11 * 3.6 

11 * 6.5 

11 * 9.5 

152.3 

155.1 

157.8 

160.5 

165.8 

170.9 

175.9 

180.7 

185 . 1 * 

1*2 

173.6 

178.1 

182.5 

186.8 

190.9 

195.1 

199.1 

203.1 

207.0 

210.8 

211 *. 5 

218.1 

225.3 

232.2 

239.0 

21 * 5.5 

251.9 

1*8 

223.7 

229.5 

235.2 

21 * 0.8 

21 * 6.1 

251 . 1 * 

256.6 

261.7 

266.7 

271.6 

276 . 1 * 

281.1 

290.3 

299.3 

308.0 

316 . 1 * 

321 *. 6 


NOTES: (l) Discharge based on formula Q ■ C A V2 g H where 

Q - discharge in c.f.s.j C ■ orifice coefficient • "C" from Figure 16.22 for 10 foot 
length minus 0.02 x pipe diameter in feet; A ■ cross sectional area, in feet. 

H - distance from center of barrel at the inlet to water surface for control of the 

entrance to the barrel or distance from the top of the riser to the water surface 
for control at the crest of the riser, 
g - acceleration due to gravity (32.2 ft./sec. ^). 

(2) Use this table in conjunction with weir flow and full pipe flow conditions to determine 
capacity of drop inlet. 


Figure 16,33-2 
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HEAD DISCHARGE TABLE FOR CORRUGATED METAL PIPE 

DROP INLETS 

(FULL PIPE FLOW CONDITION) 



mmmm 

! Head in Feet ! 


BCnl 

m 

5.5 

■3E1 

6.5 

EO 

EO 

EO 


Ea 



10.5 

ma 

11.5 




60 I 

■si 

TO 

RSI 

■M 

BPP1 

km 

■fffl 

mm 

■Ml 

KK1 

TOM 

TOM 

■an 

TOSl 

■SI 

KM 

f ’ 1 i 


mm 

SHE] 

ns 

KM 

WPSM 

mm 

mm 

E 

Ell 

■ca 

KM 

■M 

■S3 

■SI 

ITOH3 

■Q 

^ r 

m:um 

HI 

HI 

RSI 

KW1 

KM 

KM 

mm 

KK1 

m 

KW1 

■ran 

Cl 

Cl 

ROTI 

d 

■S3 

1 

■Elfl 

■EH 

mm 

■n 

KM 

KM 

KM 

mm 

d 

■Ml 

■rsi 

KS3 

TOM 

IBS 

KO 

HM 

KS2 

* 

mam 

mm 


■m 

WBrl 

El 

pn 


_5*1 

iR 

KO 

RTF! 

■SI 

■SI 

pa 

RSI 

Cl 

H - 

II01 

mm 

mm 

■si 

KM 

TOM 

KM 

■m 

mm 

■Ml 

Kffl 

TOM 

■3] 

mm 

Cl 

mss 

d 


■H*P 

mm 

mwTi 

■WIS 

HI 

TOM 

■PCI 

mm 

_5*0 

TOO 

■Wl 

■an 

TOM 

■Q 

■ai 

ITOM 

KM 



BKI 

TO 

ph 

R 

TOM 

KM 

mtm 

■Pin 

RSI 

pn 

KM 

■SI 

IK 

Cl 

KM 

IRQ 

IHHHi 

K» 

HI 

TO 

■71 

■H 

TOM 

KM 

mm 

IKS 

■SI 

KM 

K2J 

HD 

IHQ 

RSI 

■SI 

KSJ 


60 

btwi 

111 

im 

TOM 

■m 

ITO 

■TO 

IKTM 

■on 

TOSl 

TOM 

mm 

IRS] 

■na 

ED 

Id 


70 

mm 

■BBS 

in 

TOM 

TOM 

TOM 

■H0 

HOT! 

mjrAM 

K3E1 

TOSl 

eh 

iEH 

UiHJ 

EM 

IBOB 


mam 

WE&l 

RSI 

M\m 

KBJ 

EM 

EM 

■r-m 

IHBB 

■VK'l 

Kum 

klm 

ELM 

KLSJ 


EM 

IKHll 



mm 

TO 

TOO 

TOSl 

TOM 

TOM 

■an 

HS] 

■am 

TOO 

ESI 

BE] 

IE 

ESI 

TOM 

■no 

18 

■»■ 

mm 

■HE 

KE&a 

EM 

TOM 

IBM 

B3B 

ID 

l«Sl 

ESI 

TOM 

■!f1 

K30 

ESI 

■Vftl 

■l-SI 


■ii'l 

mm 

11.6 

■m 

mSJhtM 

TOM 

13.6 

144 

144 

nm 

ESI 

15.7 

16.1 

16.5 

16.8 

17.2, 

ITOM 



■nn 

mtfP, 

VTW1 

mwt 

TOO 

ITOM 

■on 

Kon 

■no 

■nmn 

■pg 

PFl 

RSI 

TOSl 

CM 

i wsm 


■t-'P 

■m 


TOO 

TOWl 

PPM 

■an 

■an 

■ran 

TOO 

TOO 

■ran 

RSI 

RSI 

■mn 

EM 

RSI 


KI>1 

TO 


BT«H J 

TOM 

TOM 

TOO 

IBOT! 

mm 

icia 

■m 

EM 

BM 

■HE 

■IQ 

EM 

EM 



iK-RJ 

KU 

TOO 

TOO 
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EE 
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KM 

B& 


130 

icq 

21.9 

<2.6 

23.6 

2k.7 

25.5 

264 
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28.0 
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29.5 
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- sm 
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EH 
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CM 
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KM 
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IRQ 
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mam 

IHAd 
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14t.lt 
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5k.3 

55.8 
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CM 
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KSl 

CM 
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K*Ji 

IRS] 

TO 
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TO3P1 


Pi 
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■aa 

CM 
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IKOT 
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E31 
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130 

\mm 

TO 

TOM 

TOM 

TOM 

TOM 

■Itvi 

TOE 

can 
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mm 

mm 
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itH 

■as 


140 

IRQ 
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TOM 

TOSl 

■MU 
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id 

im 

TOM 

■ran 
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mm 

wai 


^ 60 

\mrm 
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TOPI 
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Pti 

CS1 

■an 

KM 

CM 


itCTl 

BBH 

1KW! 


90 

IRQ 

TO 

KIM 

KM 

CM 

KS1 

UK'] 

■Effi 

■Ml 

ESI 

TOM 

EH 

TOOT 

E33 

Egg 


36 

mam 

IRQ 

65.2 

68.1 

70.9 

73.6 

76.2 

78.7 

81.1 

83.5 

as.8 

88.0 

90.1 

92.3 
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gfP! 

98.L| 


-_LLQ_1 
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63.9 

66.7 

69.5 

72.1 
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79.k 
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90.U 

98.lt 
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16-67 

HEAD DISCHARGE TABLE FOR CORRUGATED METAL PIPE 

DROP INLETS 

(FULL PIPE FLOW CONDITION) 



Notes: (I) The discharge capacities shown in this table are based on the formula Q,= C,A,\/£gH, where Q,=discharge 

capacity of full pipe, in c.f.S; C,= coefficient for corrugated metal pipe from King's "Handbook of Hydraulics", 
page 79 (old edition) or page 3-42 (new edition); A,= cross-sectional area of barrel, in sq. ft.; g=acceleration 
due to gravity (32.2 ft./sec?); H,=difference in elevation of water surface in reservoir and water surface at 
outlet for submerged flow or center of barrel at outlet for free discharge, in feet. 

(2) Use this table in conjunction with orifice flow and weir flow conditions to determine capacity of the drop inlet. 

Sheet I of 2 

5,L-I3,662 


Figure l6,3U-2 
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1958 HEAD DISCHARGE TABLE FDR SHALL CORRUGATED METAL PIPE DROP INLETS USED AS TRICKLE TUBES Sheet 1 of 2 

(FULL PIPE FLOW CONDITIONS) 
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et 












Diani. 

Length 

Head 

in Fe 

In. 

Feet 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

" I 277 1 

13.0 

13.5 

11*. 0 

ll*.5 

15.0 

15.5 


60 

.89 

.93 

.97 

1.01 

1.05 

1,09 

1.12 

1.16 

1.19 

1.22 

1.25 

1.28 

1.31 

1.31* 

1.37 

1.1*0 

1.1*3 

1.1*6 

1.1*8 

1.51 

1.51* 

1.56 


70 

.83 

.87 

.91 

.91* 

.96 

1.01 

1.05 

1.06 

l.n 

1.1L 

1.17 

1.20 

1.23 

1.25 

1.28 

1.31 

1.33 

1.36 

1.38 

1.1*1 

1.1*3 

1.1*6 


60 

.78 

.81 

.85 

.88 

.92 

.95 

.96 

1.01 

l.ou 

1.07 

1.10 

1.12 

1.15 

1.18 

1.20 

1.23 

1.25 

1.27 

1.30 

1.32 

1.31* 

1.37 


90 

.73 

.77 

.80 

.81* 

.87 

♦ 90 

.93 

.96 

.96 

1.01 

1.01*. 

1.06 

1.09 

1.11 

1. Hi 

1.16 

1.18 

1.21 

1.23 

1.25 

1.27 

1.29 

6 

100 

.70 

.73 

.76 

.80 

.83 

.85 

.88 

.91 

.91* 

.96 

.99 

1.01 

1.03 

1.06 

1.08 

1.10 

1.12 

1.15 

1.17 

1.19 

1.21 

1.23 


110 

.67 

.70 

.73 

.76 

.79 

.82 

.81* 

.87 

.90 

.92 

.91* 

.97 

.99 

1.01 

1.03 

1.06 

1.08 

1.10 

1.12 

1.11* 

1.16 

1.17 


120 

.61* 

.67 

.70 

.73 

.76 

.78 

.81 

.83 

.86 

.88 

.90 

.93 

.95 

.97 

.99 

1.01 

1.03 

1.05 

1.07 

1.09 

1.11 

1.12 


130 

.62 

.65 

.67 

.70 

.73 

.75 

.78 

.80 

.83 

.85 

.87 

.89 

.91 

.93 

.95 

.97 

.99 

1.01 

1.03 

1.05 

1.07 

1.09 


1U0 

.59 

.63 

.65 

.68 

.70 

.73 

.75 

.77 

.80 

.82 

.81* 

.86 

.88 

.90 

.92 

.91* 

.96 

.98 

.99 

1.01 

1.03 

1.05 


60 

1.85 

1.91* 

2.02 

2.10 

2.19 

2.26 

2.31* 

2.hi 

2.1*8 

2.55 

2.61 

2.68 

2.71* 

2.80 

2.86 

2.92 

2.98 

3.01* 

3.09 

3.15 

3.20 

3.25 


70 

1.72 

1.80 

1.88 

1.96 

2.03 

2.10 

2.17 

2.21* 

2.30 

2.37 

2.1*3 

2.1*9 

2.51* 

2.60 

2.66 

2.72 

2.77 

2.82 

2.87 

2.92 

2.97 

3.02 


80 

1.61 

1.69 

1.77 

1.81* 

1.91 

1.96 

2.01* 

2.11 

2.17 

2.23 

2.28 

2.31* 

2.39 

2.1*5 

2.50 

2.55 

2.60 

2.65 

2.70 

2.75 

2.80 

2.85 


90 

1.53 

1.60 

1.67 

1.71* 

1.81 

1.87 

1.93 

1.99 

2.05 

2.10 

2.16 

2.21 

2.26 

2 31 

2.37 

2.1*2 

2.1*6 

2.51 

2.56 

2/61 

2.65 

2.69 

8 

100 

1.1*6 

1.53 

1.60 

1.67 

1.73 

1.79 

1.81* 

1.90 

1.96 

2.01 

2.06 

2.11 

2.16 

2.21 

2.26 

2.31 

2.35 

2.1*0 

2.1*1* 

2.1*9 

2.53 

2.57 


110 

1.39 

1.1*6 

1.52 

1.58 

1.61* 

1.70 

.1.76 

1.81 

1.86 

1.91 

1.96 

2.01 

2.06 

2.11 

2.15 

2.20 

2.21* 

2.28 

2.32 

2.37 

2.1*1 

2.1*5 


120 

1.33 

1.1*0 

1.1*6 

1.52 

1.58 

1.61* 

1.69 

1.7U 

1.79 

1.81* 

1.88 

1.93 

1.98 

2.02 

2.06 

2.11 

2.15 

2.19 

2.23 

2.27 

2.31 

2.35 


130 

1.29 

1.35 

1.1*1 

1.1*7 

1.53 

1.58 

1.63 

1.68 

1.73 

1.78 

1.82 

1.87 

1.91 

1.96 

2.00 

2.01* 

2.08 

2.12 

2.16 

2.20 

2.23 

2.27 


IhO 

1.25 

1.31 

1.36 

1.1*2 

1.1*7 

1.53 

1.58 

1.62 

1.67 

1.72 

1.76 

1.80 

1.85 

1.89 

1.93 

1.97 

2.01 

2.05 

2.08 

2.12 

2.16 

2.19 


6 o 

3.23 

3.38 

3.51* 

3.69 

3.82 

3.96 

1*.09 

1*. 21 

1*.3U 

1*.1*5 

U.57 

1*. 68 

1*. 79 

1*. 90 

5.01 

5.11 

5.21 

5.31 

5.1*1 

5.50 

5.60 

5.69 


70 

3.01 

3.16 

3.30 

3.1*3 

3.56 

3.69 

3.81 

3.92 

U.d, 

1*.15 

1*. 26 

U.36 

U. 1*7 

1».57 

1*.67 

U.76 

1*.86 

U. 95 

5. ol * 

5.13 

5.22 

5.30 


80 

2.81* 

2.97 

3.11 

3.23 

3.36 

3.1*7 

3.59 

3.70 

3.80 

3.91 

1».01 

l*.ll 

1*. 21 

1*.30 

1».39 

1*. 1*8 

U.57 

!*.66 

U. 75 

U. 83 

U.91 

U.99 


90 

2.73 

2.86 

2.99 

3.11 

3.23 

3.31* 

3.1*5 

3.56 

3.66- 

3.76 

3.86 

3.95 

U.05 

1*. 11* 

1*.23 

1*.32 

U.Uo 

U.U8 

U.57 

U.65 

U. 73 

U. 81 

10 

100 

2.53 

2.65 

2.77 

2.88 

2.99 

3.09 

3.20 

3.29 

3.39 

3.1*8 

3.57 

3.66 

3.75 

3.83 

3.91 

3.99 

i*.07 

1*.15 

U.23 

U.30 

U. 38 

U.U5 


no 

2.1*8 

2.60 

2.71 

2.83 

2.93 

3.01* 

3.11* 

3.23 

3.33 

3.1*2 

3.50 

3.59 

3.68 

3.76 

3.81* 

3.92 

l*.oo 

U.07 

U. 15 

U .22 

U.29 

U.36 


120 

2.36 

2.1*7 

2.58 

2.68 

2.79 

2.88 

2.98 

3.07 

3.16 

3.21* 

3.33 

3.1*1 

3.1*9 

3.57 

3.65 

3.72 

3.80 

3.87 

3.91* 

U.01 

1*.08 

U.1U 


130 

2.27 

2.38 

2.1*8 

2.59 

2.68 

2.78 

2.88 

2.96 

3.01* 

3.13 

3.21 

3.29 

3.36 

3.1*1* 

3.51 

3.59 

3.66 

3.73 

3.79 

3.86 

3.93 

3.99 


UiO 

2.19 

2.30 

2.1*0 

2.50 

2.60 

2.68 

2.77 

2.85 

2.91* 

3.02 

3.10 

3.17 

3.25 

3.32 

3.39 

3.1*6 

3.53 

3.60 

3.66 

3.73 

3.79 

3.86 


(ORIFICE FLOW CONDITION) 


Diameter 

Head in Feet I 

Barrel 

U.o 

U.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

6" 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.2 

2.3 

2.U 

2.5 

2.5 

2.6 

2.7 

2.7 

8" 

3.2 

3.3 

3.5 

3.7 

3.9 

U:0 

U.2 

U.3 

U.5 

U.6 

U.7 

U. 9 

5.0 

5.1 

5.2 

10" 

5.3 

5.6 

5.9 

6.2 

6.5 

6.8 

7.0 

7.3 

7.5 

7.8 

8.0 

8.2 

8.U 

8.6 

8.8 


(WEIR FLOW CONDITION) 


Dlameter 

Hes 

td in Feet I 

Riser 

O.U 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

l.U 

1.5 

1.6 

1.7 

1.8 

12" 

2.2 

3.0 

U.O 

5.0 

6.1 

7.3 

8.6 

9.9 

11.2 

12.7 

1U.2 

15.7 

17.3 

18.9 

20.6 

18" 

3.3 

U.5 

6.0 

7.5 

9.2 

u.o 

12.8 

1U.8 

16.9 

19.0 

21.3 

23.6 

26.0 

28.5 

31.0 

21" 

3.8 

5.3 

7.0 

8.8 

10.7 

12.8 

15.0 

17.3 

19.7 

22.2 

2U.8 

27.5 

30.3 

33.2 

36.2 



Figure 16^35-1 
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195Q HEAD DISCHARGE TAELE FOR SMALL CORRUGATED METAL PIPE DROP INLETS USED AS TRICKLE TUBES 

(FULL PIPE FLOW CONDITIONS) 


Dlam. 

BARREL 

Length 









Head 

In Feet 












In. 

Feet 

16.0 

16.5 

17.0 

17.5 

18.0 

18.5 

19.0 

19.5 

20.0 

20.5 

21.0 

21.5 

22.0 

22.5 

23.0 

23.5 

2a.o 

2a.5 

25.0 

25.5 

26.0 

26.5 


60 

1.59 

1.61 

1.63 

1.66 

1;68 

1.70 

1.73 

1.75 

1.77 

1.79 

1.82 

1.81* 

1.86 

1.88 

1.90 

1.92 

1.9a 

1.96 

1.98 

2.00 

2.02 

2.oa 


70 

1.U8 

1.50 

1/52 

1.55 

1.57 

1.59 

1.61 

1.63 

1.65 

1.67 

1.69 

1.71 

1.73 

1.75 

1.77 

1.79 

1.81 

1.83 

1.85 

1.87 

1.89 

1.90 


80 

1.39 

1.1*1 

1.1*3 

1.1*5 

1.1*7 

1.1*9 

1.51 

1.53 

1.55 

1.57 

1.59 

1.61 

1.63 

1.65 

1.66 

1.68 

1.70 

1.72 

1.73 

1.75 

1.77 

1.79 


90 

1.31 

1.33 

1.35 

1.37 

1.39 

1.1*1 

1.U3 

l.l»5 

1.1*7 

1.1*9 

1.50 

1.52 

1.5a 

1.56 

1.57 

1.59 

1.61 

1.62 

1.6a 

1.66 

1.67 

1.69 

6 

100 

1.25 

1.27 

1.29 

1.30 

1.32 

1.31* 

1.36 

1.38 

1.39 

l.ill 

1.1*3 

1.U5 

1.U6 

1.U8 

1.50 

1.51 

1.53 

1.5a 

1.56 

1.58 

1.59 

1.61 


110 

1.19 

1.21 

1.23 

1.25 

1.27 

1.28 

1.30 

1.31 

1.33 

1.35 

1.37 

1.38 

i.ao 

1.U2 

i.a3 

i.a5 

1.U6 

i.a8 

1.U9 

1.51 

1.52 

1 . 5 a 


120 

i.ii* 

1.16 

1,18 

1.19 

1.21 

1.23 

1.2U 

1.26 

1.28 

1.29 

1.31 

1.32 

1.3a 

1.35 

1.37 

1.38 

i.ao 

l.ai 

1.U3 

i.aa 

i.a6 

I.a7 


130 

1.10 

1.12 

i.ii* 

1.15 

1.17 

1.19 

1.20 

1.22 

1.23 

1.25 

1.26 

1.28 

1.29 

1.31 

1.32 

1.3a 

1.35 

1.37 

1.38 

1.39 

i.ai 

i.a2 


lUo 

1.06 

1.08 

1.10 

1.11 

1.13 

1.11* 

1.16 

1.17 

1.19 

1, 20 

1.22 

1.23 

1.25 

1.26 

1.27 

1.29 

1.30 

1.31 

1.33 

1.3U 

1.35 

1.37 


60 

3.31 

3.36 

3.1*1 

3 1*6 

3.51 

3.55 

3.60 

3.65 

3.70 

3.7U 

3.79 

3 83 

3.88 

3.92 

3.96 

a. 00 

a. 05 

a. 09 

a. 13 

a. 17 

a. 21 

a. 25 


70 

3.07 

3.12 

3.16 

3.21 

3.25 

3.30 

3.3a 

3.39 

3.a3 

3.U8 

3.52 

3.56 

3.60 

3.6a 

3.68 

3.72 

3.76 

3.80 

3.8a 

3.87 

3.91 

3.9a 


80 

2.89 

2.91* 

2.98 

3.02 

3.06 

3.11 

3.15 

3.19 

3.23 

3.27 

3.31 

3.35 

3.39 

3.U3 

3.a6 

3.50 

3.5a 

3.58 

3.61 

3.65 

3.68 

3.71 


90 

2.73 

2.78 

2.82 

2.86 

2. 90 

2.91* 

2.98 

3.02 

3.05 

3.09 

3.13 

3.17 

3.20 

3.2a 

3.28 

3.32 

3.35 

3.39 

3.a2 

3.a5 

3.ae 

3.51 

8 

100 

2.61 

2.65 

2.69 

2.73 

2.77 

2.81 

2.8a 

2.88 

2.92 

2.96 

2.99 

3.03 

3.06 

3.10 

3.13 

3.16 

3.19 

3.23 

3.26 

3.29 

3.32 

3.35 


110 

2.1*8 

2.52 

2.56 

2.60 

2.63 

2.67 

2.71 

2.75 

2.78 

2.82 

2.85 

2.88 

2.91 

2.95 

2.98 

3.01 

3.oa 

3.08 

3.11 

3.ia 

3.17 

3.20 


120 

2.38 

2.1*2 

2.1*6 

2.50 

2.53 

2.57 

2.60 

2.6a 

2.67 

2.70 

2.73 

2.Y7 

2.80 

2.83 

2.86 

2.89 

2.92 

2.95 

2.98 

3.01 

3.0a 

3.07 


130 

2.31 

2.35 

2.38 

2.1*2 

2.1*5 

2.1*9 

2.52 

2.55 

2.58 

2.61 

2.6a 

2.68 

2.71 

2.7a 

2.77 

2.80 

2.83 

2.86 

2.89 

2.92 

2.9a 

2.95 


lUO 

2.22 

2.25 

2.28 

2.32 

2.35 

2.38 

2.U1 

2.a5 

2.as 

2.51 

2.5U 

2.57 

2.60 

2.63 

2.66 

2.69 

2.71 

2.7a 

2.77 

2.80 

2.82 

2.8a 


60 

5.73 

5.87 

5.96 

6.05 

6.13 

6.22 

6.30 

6.38 

6.a6 

6.5U 

6.62 

6.70 

6.78 

6.86 

6.93 

7.00 

7.08 

7.15 

7.23 

7.30 

7.37 

7.aa 


70 

5.39 

5.1*7 

5.55 

5.63 

5.71 

5.79 

5.87 

5.95 

6.02 

6.10 

6.17 

6.25 

6.32 

6.39 

6.a6 

6.53 

6.60 

6.67 

6.73 

6.80 

6.87 

6.93 


80 

5.07 

5.15 

5.23 

5.30 

5.38 

5.1*5 

5.53 

5.60 

5.67 

5.7U 

5.81 

5.38 

5.95 

6.02 

6.08 

6.15 

6.21 

6.28 

6.23 

6.ao 

6.h7 

6.53 


90 

1*. 88 

U.96 

5.03 

5.11 

5.18 

5.25 

5.32 

5.39 

5.a6 

5.53 

5.5R 

5.66 

5.72 

5.79 

5.85 

5.92 

5.98 

6.0a 

6.10 

6.16 

6.22 

6.28 

10 

100 

1 *. 52 

1*. 59 

l*. 66 

1*. 73 

U.79 

•1.86 

a. 92 

a. 99 

5.05 

5.12 

5.18 

5.2U 

5.30 

5.36 

5.a2 

5.a8 

5.53 

5.59 

5.65 

5.71 

5.76 

5.81 


110 

1*.1*3 

l*.5o 

l*. 57 

i*.61* 

1*.70 

a. 77 

a.83 

a. 90 

a. 96 

5.02 

5.08 

5.1a 

5.20 

5.26 

5.32 

5.37 

5.a3 

5.a9 

5.5a 

5.60 

5.65 

5.71 


120 

1*. 21 

1 *. 28 

l*.3l* 

1*. 1*0 

l*. 1*7 

a. 53 

a.59 

a. 65 

a. 71 

a. 77 

a. 82 

a. 88 

a. 9a 

a. 99 

5.05 

5.10 

5.16 

5.21 

5.26 

5.32 

5.37 

5.a2 


130 

l*.06 

1 *. 12 

1*. 18 

1*. 21* 

1*. 30 

a. 36 

a.a2 

a.ae 

a. 53 

a. 59 

a. 65 

a. 70 

a. 76 

a. 81 

a. 86 

v a.92 

a. 97 

5.02 

5.07 

5.12 

5.17 

5.22 


11*0 

3.92 

3.98 

1*. ol* 

1*.10 

1*. 16 

a. 2i 

a. 27 

a. 32 

a. 38 

a.a3 

a.a9 

a. 5 a 

a. 59 

a.6a 

a. 70 

a. 75 

a .80 

a. 85 

a.90 

a. 95 

a. 99 

5.0a 


(ORIFICE FLOW CONDITION) 


Diameter 

_Hsa 

id In Feet_ _] 

Barrel 

12.0 

13.0 

ia.o 

15.0 

16.0 

17.0 

18.0 

19.0 

20.0 

21.0 

22,0 

23.0 

2a. 0 

25.0 

26.0 

6" 

2.8 

3.0 

3.1 

3.2 

3.3 

3.a 

3.5 

3.6 

3.7 

3.8 

3.8 

3.9 

a.o 

a.i 

a .2 

6 n 

5.5 

5.7 

5.9 

6.1 

6.3 

6.5 

6 7 

6.9 

7.1 

7.2 

7.a 

7.6 

7.7 

7.9 

8.1 

10” 

9.2 

9.6 

9.9 

10.3 

10.6 

11.0 

11.3 

11.6 

11.9 

12.2 

12.5 

12.7 

13.0 

13.3 

13.6 


(WEIR FLOW CONDITION) 


Diameter 

Head in Feet 1 

Riser 

2.0 

2.2 

2.a 

2.6 

2.8 

3.0 

3.2 

3.a 

3.6 

3.8 

a.o 

U72 

wr 



12" 

2a. 2 

27.9 

31.8 

35.9 

ao.i 

aa.5 

a9.o 

5a.o 

58.0 

63.0 

68.0 

7U.o 

79.0 

sa. 0 

90.1 

13" 

36.3 

ai.9 

a7.7 

53.8 

60.2 

66.7 

73.5 

80.5 

87.7 

95.1 

102.7 

110.5 

118.5 

126.7 

135.1 

21" 

L2.U 

a8.9 

55.7 

62.8 

70.2 

77.8 

85.8 

93.9 

102.3 

111.0 

119.8 

128.9 

138.3 

ia7.8 

157.6 


Figure 16,35-2 sw-uz-zjz) 
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5. PIPE FLOW (COUTH)) 


Closed Conduit Spillways (cont*d) 

Example of Drop Inlet Flov Determination (cont*d) 

Given: A reservoir in which the maximum water surface elevation 

cannot exceed 95.0. The riser of a drop inlet is to be 
based at elevation 76.0 and the invert at the outlet end 
of the barrel is to be 20.0 feet below the water surface. 
The drop inlet spillway must discharge an inflow Q of U9 
c.f.s., under these conditions. 


Problem: Determine the correct diameter of CMP riser pipe and CMP 

barrel such that the barrel will flow full. 

Determine the maximum elevation for the crest of the 
riser. 


Solution: By trial, select the following pipe diameters: 


D^ - 2U inches 

D 2 • 1.5 x D^ - 36 inches 

Then: H x - 19 ft. H - 18 ft. 


From Figure 16.3U-2, a 2U-inch CMP, 80 feet long flowing full under 
a head of 19 feet will discharge U9.U c.f.s. 


From Figure 16.32, a head of 1.6 feet over the 36 -inch diameter 
riser pipe will discharge 5>1.9 c.f.s., under weir flow conditions. 

From Figure 16.33, a head H of 18 feet at the entrance to the barrel 
will discharge 78.0 c.f.s., under orifice control at that point. 

Also, Figure 16.33 shows that horizontal orifice control at the crest 
of the 36-inch riser under a head of 1.6 feet does not govern dis¬ 
charge. 


It is obvious that barrel capacity is the lesser and controlling quan¬ 
tity and meets the requirement of the problem, therefore, the assumption 
of pipe diameters is satisfactory. 

It is also evident that by use of the specified pipe diameters, the 
crest of the riser can be placed at 1.6 feet below the controlling water 
surface elevation 95*0. This places the elevation of the riser crest at 
elevation 93. U. 

It will be noted in Figures 16,32 and 16.33 that had a Dg/b- ratio of 
1.25 been tried, a riser diameter of 30 inches would have resulted in ori¬ 
fice control at the crest of the riser and would have necessitated lower¬ 
ing the crest 3.0 below the controlling water surface in order for such 
orifice control to permit a flow of U9.7 c.f.s. This would result in a 
crest elevation of 92.0. 
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5, PIPE FLOW (OONT'D) 


Closed Conduit Spillways (cont^d) 


The Hood Inlet, This type of inlet is adapted to closed conduit spill¬ 
ways consisting of an inclined pipe extending through an embankment. The 
inlet is formed by cutting a pipe at an angle. The long side is placed on 
top and figuratively forms a hood over the entrance. An anti-vortex wall 
located along the pipe center line, a trash rack, and provision for scour 
prevention completes the inlet structure. Figure 16.36 is a simplified 
hood inlet for a closed conduit spillway. 



Figure 16,36 


The hood inlet has excellent hydraulic characteristics, in that full 
pipe flow conditions will result with relatively low heads above the top of 
the pipe, 

Weir flow will occur when n h n in Figure 16.36 is less than 1.1 D, Full 
pipe flow will start when h^3 is about 1,U, 

The slope of the conduit must be greater than the required friction 
slope to function at full capacity. 

The maximum slope upon which the conduit is placed should not exceed 
36 percent. 

Scour is a problem at the inlet of the conduit and the embankment area 
surrounding the invert must be protected if a scour hole is not permissible. 
The radius of scour holes are determined by the following equation: 



5. PIPE FLOW (CONT'D) 


Closed Conduit Spillways (cont'd) 


The Hood Inlet (cont'd) 

R - D(0, 15 + 0,0U Q ) 

< r?7r> 


( D )l/5 

(B.'MKM 


Q 

where R 
D 

Grain si 2 e 


Discharge c.f.s, 

Radius in feet of the scour hole 
Diameter of the pipe, feet 
0.5 m.m. = .0016U feet 


and 


S 

where Q 


Q - 0.0016U - 0.075 D 
20 D 

Discharge, c.f.s. 


D *» Diameter of pipe, feet 

S ■ Depth of scour hole in cohesion-less 
material, feet 


If the scour area is to be protected with riprap, the mean diameter of 
rock to be used is twice the value of "d" determined by the following 
equation: 


d 0 - Q - 0.075 D 
20 D 3/2 


where d Q ■ grain size, feet for S ■ 0 
D - Diameter of pipe, feet 
Q ■ Discharge, c.f.s. 

Figure 16.37 gives minimum diameter of riprap and radius of scour hole 
if riprap is not used for various pipe diameters and quantities of flow. 


Concrete paving over an area of 2 R is the most effective means of pre¬ 
venting a scour hole. On small pipe diameters, the hood inlet can be ex¬ 
tended into the pool for prevention of scour if ice in the pool is not a 
problem. Such extension should be sufficient to provide a water depth be¬ 
low the invert of the pipe at least equal to the anticipated scour hole 
depth "S" given in the preceding equations. 


A simple trash guard for farm ponds is necessary. For larger instal¬ 
lations, trash guards of special design are required. 

The recommended minimum proportions of hood inlet anti-vortex device 
are given in Figure 16 . 36 , In farm pond installations where pipe diameters 
are not usually large, the anti-vortex fin can be made of sheet metal. On 
larger installations the size of fin becomes a problem requiring special 
design. 


r 


r 


c 


RADIOS OF SCOUR HOLE (R) AH) DIAMETER OF RIPRAP (d) HR STR U CT U R ES 
WITH HOOD IHJETS 01 WELDED STEEL PIPE OR CORRUGATED METAL PIPE 

R - Radius of scour hole In cohesionless material In feet d ■ Minimum riprap diameter in inches 

Based on formula: R - D(0.l5 + 0.0k Q/fo^/ 2 ) (D/.0016k) ly ^ Based on formula: d - ( 0 / 20 ) 5/2 _ 0 .075 o)2k 

D - Diameter of pipe In feet Q - Discharge in c.f.s. 
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2.0 

1.25 

9.00 
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1.6 
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1.0 
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Figure 16.37 
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5. PIPE FLOW (OONT'D) 
Closed Conduit Spillways (contM) 

The Hood Inlet (contM) 


The capacity of hood inlet pipes under various heads and length of pipe 
are given on Figure 16.39 which covers corrugated metal pipe. Figure 16.U0 
covers welded steel pipe. 

The values in Figure 16.39 and 16.U0 were derived from the formula: 


Q ■ a / 2 g H 

\J 1 + K e + K m + K p L 

Where H ■ total available head, ft, 

g » acceleration of gravity 32.16 ft/sec 2 
K e • entrance loss coefficient 
K n . ■ miterbend loss coefficient 

Kp ■ pipe-friction loss coefficient (Page 15, T. R. #3) 

Q • discharge (cfs) 

a • cross sectional area of culvert, ft^ 

L ■ length of conduit, ft, 

h » pipe invert to crest of emergency spillway 

Values of S n (neutral slope) are not shown in the tables. 

Values of Q (cfs) in the tables reflect slopes equal to or greater than S n . 

S n - K p ( Vj2 ) 


When using these tables, it must be remembered that for a certain length 
of pipe with a certain head and a certain amount of Q (cfs) the pipe will 
have a minimum S n in order to make the pipe flow full. Discharges that 
would cause the pipe to have an S of 36$ or greater were eliminated. 



ever is higher 


Figure 16,38 
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HEAD DISCHARGE TABLES FOR CORRUGATED METAL HOC® INLETS 


FULL PIPE FLOW CONDITIONS 


(For Irrigation) 


1.5 1 2.0 I 2.5 I 3.0 1 3.5 I luQ I juF 1 5.0 I 5.5 l~6lo 


HEAD IN FEET 


1.0 


Barrel 


■ilia 

13335331 

(Discharge in cfs) I 

1 

8" 

10 

KPB51 

MJSE 1 

rasa 

2.21 

Era 

Era 


2.97 

3.13 

IBM 

nra 

12 

WBEM 

■H 

1.89 

2.12 

2.32 

Era 

Era 

2.84 

3.00 

nra 

nra 

14 

■BEil 

EMI 

1.81 

2.02 

2.22 

2.39 

Era 

2.71 

wmm 

3.00 

3.13] 

l6 

mm.m 

■Ml 

■mil 

■Mil 

Era 

Era 

Era 

EQI 

Era 

p*ji;U 

nra 

18 

1.18 

EHI 

MK5M 

■Ml 

eei 

2.21 

Era 

Era 


2.77 

2.89 

20 

■■ 

1.40 

mmm 

1.80 

nra 

EHI 

2.28 

2.42 

Era 

■Ml 

2.79 

22 

i.n 

BH 

nil 

mmm 

■Ml 

2.08 

2.22 

Era 

2.481 


2.72 

HiK 

■Jra 

■R9 

■Ml 

nra 

1.85 

2.00 

ECLV 

nra 

Era 

ram 

mra 

23 

mmm 

■n&i 

m 

1.66 

1.82 

nra 

2.10 

Era 

mmm 

Era 

i mm* 

28 

1.02 

HE* 

BRUI 

1.61 

■Ml 

■ira 

nra 

2.16 

2.28 

Era 

eei 

30 

.99 

1.21 

i.4o 

mmm 

nra 

1.85 

1.98 

2.10 

2.21 

Era 

ooei 

32 

■K 

■m 

■Ml 

mmm 

nra 

1.81 

■Mil 

2.06 

Era 

2.27 

mem 

3L 

■Kill 

nra 

m 

■fra 


Era 

1.88 

nra 

2.10 

2.20 

ira 

36 

.93 

KKLl 

nra 

nra 

1.61 

EEDI 

1.86 

1.97 

2.08 

2.18 

2.28 

na 

.90 

1.10 

1.27 

1.42 

■na 

1.68 

1.80 

1.91 

2.01 

2.11 

2.20 

10" 

10 

KEI 

KOI 

IJUI 

nra 

nra 

ESI 

4.69 

nra 

5.24 

HSI 

5.74 

12 

WE8k 

Era 

rani 

Era 

nra 

■Ml 

m*i 

nra 

mmm 

5.27 

5.51 

i4 

2.17 


3.06 

3.42 

nra 

4.05 

4.33 

mmm 

■EM 

■Ml 

■aea 

16 

2.09 

mm i 

mmm 

eh 

nra 

nra 

■Mil 

nra 

nra 

nra 

raa 

18 

KOI 

■Eil 

2,86 

■Mil 

nra 

nra 

nra 

nra 

nra 

s 

nra 

20 

mm i 

2.40 

2.77 

3.10 

3.40 

3.67 

3.92 

■ESI 

4.39 

nra 

BIEBi 

22 

BBI 

2.33 

2.69 

3.01 

3.30 

nra 

Him 

nra 


nra 


24 

■11 

2.27 


Era 

nra 

nra 

nra 

nra 

nra 

nra 

mmm 

2^ 

1.81 

2.21 

2.56 

2# 86 

3.13 

3.38 

3.61 

3.83 

4.04 

4.24 

nra 

28 


EEEI 

nra 

2.79 

3.05 

3.30 

nra 

nra 

nra 

msm 

Era 

30 

1.72 

2.11 

2.43 

2.72 

Era 

3.22 

nra 

nra 

nra 

MEl 

Bara 

32 

WR1 


EHil 

EB1 

2.91 

nra 

nra 

nra 

nra 

nra 

Era 

KM 

HH£I 

2.02 

2.33 

EK1 

2.85 

3.08 

3.30 

nra 

3.68 

nra 

Era 

36 

■m 

■Mil 

ME2M 

Era 

nra 

nra 

nra 

nra 

nra 

nra 

nra 

38 

L38 

1.94 

2.24 

Era 

nra 

2.96 

nra 

nra 

nra 

nra 


12" 

10 

KS31 

mi 

■Am 

■131 


B3EM 

KM 

Era 

■Ell 

8.32 

8.69 

12 

3.41 


EE! 

Era 

nra 

6.38 

6.82 

nra 

7.62 

8.00 

1^35 

mntm 

3.31 

in 

m 

Era 

m 

nra 

6.62 

nra 


nra 

nra 

16 

KMI 

mmm 

■mi 

Era 

nra 

6.00 

ram 

6.80 


mm 

PHI 

18 

3.12 

3.82 

iulil 

Era 

nra 

ram 

■Mil 

6.62 

nra 

Era 

eem 

20 

HK3I 

nvzi 

nra 

Era 

nra 

nra 

6.06 

mm 

6,78 

Era 

nra 

22 

■BE1 

3.63 

B!H 

HPKJ 

mm 

nra 

■Ml 

6.28 

6.62 

nra 

Era 

■UK 

HI 

■Mil 

rasa 

Era 

nra 

nra 

nra 



6.78 

7.08 1 

26 

2.82 

mmm 


Era 

Era 

raa 

nra 

■Mil 

nra 

Era 

KM9 

28 

mmm 

3.38 

3.90 

4.36 

4.78 


nra 

nra 

nra 

6.47 

nra 

30 

2.70 

3.31 

nra 

m 


nra 

nra 

nra 

nra 

Era 

BBl 

32 

MEJI 

3.23 

3.73 

4.17 

nra 

4.94 

5.28 

5.60 

5.90 

6.19 

Era 

34 


mmm 

eh 

■Mil 

na 

Era 

nra 

nra 

nra 

mmm 

mmm 

36 


mmm 

mmm 

EES 

Era 

Era 

nra 

nra 


nra 

wmm 

38 

ME2M 

3.06 

3.54 

3.95 

4.33 

4.68 

5.oo 

5.30 

5.59 

5.86 

6.12 | 


| Diameter ■ 8 w f 

Diameter ■ 10" | 

1 Diameter • 12" 1 

1 h 

1 _o_1 

■■ 

1 Q 1 

h 


IKK 

Q 

h 

■ESI 

■BSH 

IQ_1 

warn 

■ran 

mu 


.17 

■M 

IKK 

.98 

.20 

msm 

wem 

nra 

wsm 

■91 

lira 


.33 


IKK 

1.38_ 

Mcra 

mm 

1.00 

2.20 

nra 

wmm 

.74 


.50 

■ran 

MB 

EEM 

1 .60 | 

■ran 

1.10 

mem 


Figure 16.39-1 























































































































































































































16-76 


HEAD DISCHARGE TABLES FOR CORRUGATED METAL PIPE HOOD INLETS 
FULL PIPE FLOW CONDITIONS 


HEAD IN FEET 


_i2_L 

11 \ 

lh 

16 

18 

20~f 

22 | 

2h 

26 

28 


30 


Barrel 


DIa. [Length 


Q (Discharge In cfs) 


12 H 

1*0 

U.88 

s&a 

6.90 


■HI 


mm 

INHi 

10.9 

1119 





50 

■wa 

HO 

■3fEI 

■EKHI 

■ma 

■wig 

■so 

EH 

■BM 

EEH 

ll.l 

EH 

- 

- 

6o 

■3B1 

mm i 

HZ9 

msm 


n&i 

8.1*0 

8.91 

MM 

■BEE 

EBEE 

■Bln 

11.1 

KD» 

70 

msim 

■ma 

■wa 

msm 

■seei 

mu 

7.92 

8.1*0 

8.85 

9.29 

9.70 

10.1 


EBM 

8o 

Bia 

K!E3 

■taa 

mam 

MSB* 


mta 

WEil 

■an 

■sura 

mam 

«Egl 

■asi 

EH 

90 

MFBM 

■sn 


mam 

mam 

■Mgl 

HO 

■sa 

EHE3 

KH 

warn 



MM 

100 

maim 

KSO 

■man 

M 

mam 

■mb 

MM 

mm i 

■H 

ehm 

mam 

»3FE1 

KS£fl 

MSSM 

110 

wmm 

WSB3k 

Wf&'l 

mam 

5.68 

mo 

msm 

ma 

HO 

mom 

EEH33 


WLKiM 

■•IRj 

120 

. 3.16 

3.87 

U.U7 

5.00 

5.1*7 

5.91 

6.32 

6.70 

7.07 

7.1*1 

7.71* 

8.06 

8.36 

8.65 1 

"130 

■JEM 

■ica 

vau 

na 

mm i 

mam 

■3PU 

K9H 


H9 

■rAM 

■Aral 

■JBf 

EH 

E1EHEI 

mm i 

na 

■as 

■H 

msa 

msm 

msm 


■hs 

KB1 


EH 

ma 

■aa 

150 

mh.'M 

mma 

msm 

mam 

msm 

mm 

ma 

Ma 

HB 

MQ 

7.01 

7.29 

■BEfl 

ma 

~i5o 1 

mom 

■MEI 

mana 

■wig 

VKO 

mam 

mam 

mam 

KO 

mam 

HiO 


mom 

mom 

15" 

l*o 

8.1*6 

10. u 

12.0 

13.U 

11*. 7 

15.8 

16.9 

17.9 



- 

_ 

. 

_ 

50 

WSK3M 


■BEE 

1HM 


BM 

1 

1 

EH 

GH 

Bill 

rail 

■gHO 

- 

- 

60 

7.38 

na 

10. h 




11*. 8 

15.7 

Itfi 

17.3 



EH 

• 

70 

■hem 

Eta 

mam 



13.0 

13.9 

EBM 

mam 

TOM 



TOM 

WM 

~i80 

wm$m 

kso 

mam 

TOM 


BW 

13.2 


WM 

KM 

TOM 

TOM 

BH 

EBM 

90 

M 

EB!i 

■3E?1 



DH 

mam 

mam 

ELM 

EH 

EBM 

■BM 

EBHE 

EBM 

100 


■raa 

Mfl 


WK&fM 

11.3 

12.1 

12.9 

msmu 

ESSE 

11*. 9 

EH 

EBM 

EM 

~m 


mms 

■3K/I 

■at*! 

10.1 

■wm 

11.7 

■BM 

■two 

13.7 

WH 

EBB 

■IWO 

EBM 

120 

mmzm 

m-m-M 

WEI 

■aa 

KSO 

EBM 

HIM 

11.9 

EM 

EH 

■mi 

EMM 

EBM 

EBM 

130 

5.U3 


7768 

8^9 

9.1*1 

10.2 

IBM 

11.3 

EBHI 

EBHI 

13.3 

13.9 

1 k*h 

EBM 

1U0 


meg 

■All 

■«?1 

mo 

mma 

EH 

11.2 

■mo 

EBIO 

12.9 

BUM 

mam 

EURO 

150 

msm 

mm 

7.23 

^Tor 


9756 

10.2 

10.9 

n.i* 

12.0 

12.5 

13.0 

mam 

1U.0 1 

””155 

msam 

EE3 

■A&l 

BUM 

KH21 

msjsM 

WEIEli 

■ssn 

EUM 

ma 

■HU 

EBfO 

■am 

EBMI 

18" 

hO 

13.1 

16.0 

EH 


22.7 

21*. 5 

26.2 

27.8 

29.3 

30.7 

32.1 

- 


. 

5o 

»HW 

IBM 

IBM 

mvivm 

mmm 

WkSM 

msm 

TOM 

mo 

mo 

■MO 

31.2 

mam 

- 

60 

k mm 

EMK 

msm 

EUWO 

20.0 

ESI 

23.1 

ill 

TOM 

27.1 

28.3 


EBM 

EDM 

70 

11.0 

EM 

mam 



mo 

21.9 

23.2 

E1H 

mam 

EH 

27.9 

EBBB 

■MM 

80 


EH 

na 

BH 


EBHI 

20.9 

22.2 

23. U 

msm 

mm b 

TOM 

TOM 

TOM 

~~ 95 

■WM 

warn 

■WM 

EtH 


TOM 

20.0 

21.2 

mam 

warn 

mmm 

EH 

TOM 

TOM 

TOO- 


Oil 

EH 

mam 

BT.nm 

IIDM 


tom 

mo 

EH 

msm 

msm 

mn 

TOM 

110 

MB£M 

11.3 

msm 

aim 

16.0 


EEEfl 

19.7 

20.7 

21.7 

TOM 

msa 

EM 

tarn 

120 

iaa 

IMM 

IBM 

KMM 

EH 

IBM 

17.9 

20.0 

21.0 

21.9 

EIRE 

EH 

TOM 

EBM 

““130 

EiHsM 

E3M 

warn 

tom 

15.0 

tom 

17.3 

ms 

TOM 


21.2 

22.1 

mam 

mn 

~il£ 


EM 

11.9 

13.3 

BH 

mam 

KBM 

E¥7M 

EBM 

19.7 


TOLO 

22.2 

gs.on 

T50 1 

■area 

Ksa 

KDIfl 

mmm 

■BM 

mam 

warn 

Ur AO 

EEH 

KM 


TOIO 

EM 

wmm 

“15o 

MEM 

9.72 

11.2 

mam 

IBM 

11*. 9 

15.9 


17.8 

UiH 

■BEE 



21.7 1 


Weir Flow Controls; lt H n less than l.ljD 


1 Diameter - 12" 

Diameter ■ 15" 

Diameter "18” I 

h 

Q 

1 h 

Q 

h 

Q 

h 

Q 

h 

Q 

h 

Q 

.20 

.16 


1.56 ' 

"" .25 

.28 

1.00 

2.73 

.30 

.1*1* 

1.20 

U. 30 

.1*0 

.1*6 

1.00 

2.20 

.50 

.80 

1.25 

3.81* 

.60 

1.27 

1.50 

6.06 

.60 

.88 

1.10 

2.50 

.75 

1.51* 

1.38 

1*.37 

.90 

2.1*3 

1.65 

6.89 


Figure 16.39-2 












































































































































16-77 


HEAD IN FEET 


Barrel 


Length 


ho 



HEAD DISCHARGE TABLES FOR CORRUGATED METAL PIPE HOOD INLETS 
FULL PIPE FLOW CONDITIONS 

(For Dams) _ 


6 8 10 12 1U 16 18 I 20 I 22 | 21; 


Q (Discharge In cfs) 


23.1 26.6 29.8 32.6 35.3 37.7 


26 28 




■BBiiBfaB aqBia^gEwa EiaEra pgaK ^iKgwKifO KgnEMi 

»HWiroaBlrKafcK?lfaMWdl^Wcl El W?lgMllEIElEH EMlWB^^^^^M 

mtiEgnmagiiiMEMEEiEiBiEggEgHEaaEaiiiii^B^^^^^B 




32.61 33.8 


31.7 32.9 


32.0 


30.0 31.1 


68.1 


62.0 


_—■ _ 

lEmwtmWmMwimv&BKiMMVMMiivfit'ifnmiMsiw&at&aEsnmi 

■— PI IIIMK3HKHHBIBBPM— 

■«lgCTagg>ggSMEHclKBHKHiaKaMKiHgHHB»gWjgnBj»fHiBM 


23.3 

26.0 

28.5 

30.8 

32.9 

60.7 

ES9 

7U.3 

80.3 

85.8 




E^Bffla»a«iE>ag5Mre3g roiw»i rei;ii«i B 


117.6 


112.1 


70 1 37.6 


65.1 70.U 


U;.U 

\maamaam 

2.8| 67.8 

i witAJi tm&i fet i 

85.0 

mm\ 

92. k 


103.0 


99.2 


30" I 100 1 33.9 

110 
120 
130 



w^&tieBMW&SMmsEimaamanMa&m 


63. h 


1.U 65.6 | 69.6 173.3 


7.7 71 


■■■■iHiVn ■rl'IVi I ■ ;kK I M ;U"H< ■ 



Figure 16.39-3 


































































































































































































16-78 


HEAD IN FEET 


Barrel 


Length 


HEAD DISCHARGE TABLES FDR WELDED STEEL PIPE HOC® INLETS 
FULL PIPE FLOW CONDITIONS 
(For Irrigation) 


U.o 


(Discharge in cfs) 


1.58 


0.91 1.12 


0.89 1.09 


1.23 I 1.37 


1.20 


E 89 

5.0 


6.0 


1.9U 

2.0U 

2.1U 

2. 2k 

KMl 

1.99 

2.09 

mmm 



1.10 1.23 


1.09 I 1.22 


1.70 I 1.79 


1.72 


0.7U 

0.91 

m rea 

fBESM 

mil 

1.29 

0.73 

0.90 

L 1.16 1 

1.27 

0.72 


1.02 

RffiflESI 

0.71 

1.00 

1.12 

1.23 

0.70 

0.99 

i.ii 

1.21 

■R9 

2.09 

2.U2 

2.70 

2.96 

1.68 

WESMWSEiMWESM 

2.91 

■BEfl 

1 2.02 ] 



3.09 | 3.30 


.99 


2.12 2.37 


2.09 


2.77 




1.63 I 1.71 


20 

■sii 

\WBBM 

1.92 

2.22 

\mm\ 

2.72 1 


22 

1.90 

2.19 

i mvm&EM 

1 2.90 | 

1 3.10 | 

1 3.29 


Diameter 


0.10 0.03 


0.1 



0.13 I 0.0 


0.27 0.17 0.67 


O.UO 0.32 0.7 


0.10 

EX^fl 

10.9 

0.29 

0.83 

mm 

mm 

IE mm 

0.91 


0.30 


Figure 16.U0-1 











































































































































































































16-79 



HEAD DISCHARGE TABLES FOR WELDED STEEL PIPE HOC© INLETS 
FULL PIPE FLOW CONDITIONS 
(For Dams) 


HEAD IN FEET 

1* 

6 

8 

10 

12 11* 16 

18 20 

22 

21* 26 

28 

30 

1 Ba 

irrel 

Q (Discharge In cfs) 


Length 


nas 

6.91* 

8.50 

9.82 

11.0 

12.0 

13.0 

13.9 

11*. 7 

15.5 

16.3 

17.0 

17.7 



50 

6,66 

SKI 

Kwa 

wssm 

KM 

KM 

13.3 

E9I 

Mm 

KM 

KM 

17.0 

KM 


60 

mam 

■S3 

WJEM 

10.1 

11.1 

i am 

MM 

mam 

msmm 

nm 

DM 

KM 

KM 

KM 

7° 

DKEJ 

uma 


■EK3 

10.7 

ED£9 

■Bfl 

aim 

KM 

KM 

KM 

KM 

■E99 

BH 

do 

m earn 

7.33 

Ksa 

■aa 

»IW 

ESI 

12.0 

12.7 

13. k 

H*.o 

11*. 7 

15.3 


■(11 

90 

KfiilH 

■rail 

IBSI 

HSU 

10.0 

IBB 

mam 

■LSI 

■wl 

asm 

Km 

■Mil 

mssm 

BH 

100 

WOSM 

BH 

Ml 


9.72 

EBM 

11.2 

EM 

mam 

13.2 

asm 

km 

mmm 

DM 

110 

mmm 

Boa 

WBSM 

■3K1 

Mia 

EH 

11.0 

aim 

12.3 

12.9 

■£99 

KM 

■IM 

EH 

120 

ms'm 

maim 

WBEM 

H"! 

KEl 

» w 

10.7 

11.3 

11.9 

EM 

13.1 

EM 

K?m 

KM 

130 

m-fEsM 

M3BM 

mssm 

mam 

9.00 

ESQ 

Ml 

EM 

EM 

asm 

12.7 

13.3 

KM 

■ISO 


mmm 

M.WrM 

7.19 

■EBB 

■isa 

■3E3 

10.2 

EM 

Ell 

mam 

EM 

13.0 

DM 

EH 

150 

wsm 

KSSI 

1 

M 

■SO 


■m 

■Mil 

■ESI 

11.1 

11.7 

atm 

KM 

aim 

BSI 

160 


mssm 

■aa 

mm i 

km 

■XjH 

9.72 

10.3 

10.9 

n.i* 

11.9 

12.1* 

12.9 

13.3 



9.78 

12.0 

13.8 

15.5 



19.6 

20.7 

21.9 

22.9 

21*. 0 

21*. 9 



50 

i 

i 

nw-ti 

Em 

MJMM 

KM 

EM 

KM 

Km 

21.1 

mam 

Dll 

EM 

mssm 


60 

9.10 

11.1 

12.9 

Bill 

KM 

ESM 

K>m 

19.3 

20.3 

21.3 

22.3 

23.2 

Ksa 


70 

K-W-’H 

KESlI 

tam 

mssm 

MSSM 

BM 

17.7 

■Oi&l 

KM 

20.7 

21.7 

KM 

mam 

Kim 

86 

■KJ 

■EM1 

mem 

Raa 

K>M 

EM 

17.1 

Km 

km 

Ksa 

KM 

KM 

mam 

KWH 

90 

■3B3 

10.2 

EM 

mam 

K9M 

ESI 

MM 

17.7 

KM 

mssm 

ESSIE 

21.2 

ESI 

KM 

100 

■sa 

■ran 

EM 

EM 

B!M 

Effil 

Km 

17.2 

atm 

EM 

mssm 

Km 

Km 

KM 

110 

7.90 


11.2 

wsa-m 

masu 

■Mil 

mam 

■TM 

17.7 

KM 

KM 

20.1 

Km 

KM 


■Rfa 

mmm 

EM 

12.2 

KM 

EM 

mum 

mam 

DM 

KM 

atm 

KM 

KM 

KIO 

130 

HB1>1 

mssm 

EEM 

11.? 

KM 

ESS 

KS9 

mam 

■ill 

DM 

■EM 

19.2 

Km 

KM 

sun 

ma 

msa 

E0M 

11,6 

■Eta 

■J3QI 

eh 

mam 

mam 

DM 

atm 

■EM 

mam 

Km 

mssm 

7.22 

usm 

10.2 

11.1* 

mam 

EH 

Km 

Km 

16.1 

atm 

asm 

Bill 

19.1 

asm 

166 

HSU! 

Ksa 

■MEM 

11.2 

12.3 

■5J0I 

11*. 2 

K&a 

mam 

asm 

17.3 

Km 

18.7 

■EM 



13.2 

16.2 

18.7 

20.9 

22.9 

21*. 7 

26.1* 

28.0 

29.5 

31.0 

32.1* 




50 

12.9 

BM 


20.2 

22.1 

wasm 

km 

EAI 

KM 

EM 

EM 

mam 



60 

KFWID 

f&m 

BM 

mam 

KM 

EE 

m 

Km 

27.7 

29.1 

Eli 

KM 

KM 


70 

12.1 

■Lin 

EM 

19.0 

KM 

KM 

EM 

Km 

Km 

Km 

DM 

Km 

Dam 

pao 

80 

11.7 

EM 

BM 

Blifi 

20.3 

Em 

EO 

Km 

Km 

EM 

Km 

29.9 

■am 

pan 

90 


EM! 

EfM 

MM 

19.8 

ESI 

22.9 

Km 

KM 

KM 

Kia 

29.2 

30.3 

■M 

100 

11.2 

13.7 

EM 

■BE9 

19.3 

Em 

22.3 

Km 

Km 

KM 

DM 

km 

KM 

■BM 

110 

10.9 

iBW 

mem 

17.2 

EE 

EM 

EM 

23.1 

KM 

KM 

km 

EM 

Ell 

EH 

126 

10.7 

KM 

mem 

■km 

BE 

Km 

EM 

EM 

KM 

KM 

Km 

Km 

Km 

Km 

130 

■roup 

EQlil 

EM 

Bfl 

KM 

Km 

K!lB 

mam 

mssm 

km 

KM 

KK1 

KM 

KM 

iSo 

10.2 

EM 

EM 

MM 

17.7 

KM 

20. k 

21.7 

22.8 

23.0 

25.0 

26.1 

27.0 

KM 

150 

■WED 

12.3 

EM 

■ESS 

KM 

■Mil 

mSsSM 

KM 

KM 

DM 

EM 

KM 

KM 

KM 

160 

EM 

12.1 

13.9 

■W1 

17.0 

B«1 

19.7 

20.9 

22.0 

23.1 

Km 

mam 


27.0 | 



Weir Flow Controls: ”h n less than 1,1 jD 


Diameter - 12” 

Diameter - lii” 

Diameter - 16” 1 

h 

_Q_ 

in 

_9_ 

h 

mmm 

n 

Q 

h 

m^m 

mmm 

Q 

0 # 20 

■SEP 

KBaa 

am 

BO 

HEIDI 


mem 

mam 

EM 

IBM 

mssm 


■HIM 

1.00 

2,20 

PMflB 

HE-ai 

1 1.17 

WBEM 

mssm 

0.91* 


■aa 


E9&9I 

1.10 

WBEd ■ 

0,70 

1.3° 1 

\mmm 

3.70 

KiM 

1.80 

imsa 

mssm 




Figure 16.LO-2 
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HEAD IN FEET 


Dla. Length 


HEAD DISCHARGE TABLES FOR WELDED STEEL PIPE HOOD INLETS 
FULL PIPE FLOW CONDITIONS 
(For Dams) 


Q (Discharge In cfs) 


0 

IBM 

21,0 

91 

29.7 



20,3 


17.3 19.9 22.3 


23.9 


19.2 


13.3 16.3 18.8 21.0 23.0 


13.1 16.0 18.5 20,7 22.7 


37.3 


33.2 


32.1 I 33.1; 3U.6 35.6 



Weir Flow Controlsj "h" less than l.LD 
Diameter - 18" 



Figure l6,UO-3 

Note: To determine **Q n for lengths not shown In the tables. 


q c ,/ Qi 2 (g + W 


Subscript 1 • Value of length from table 
Siibserlpt 2 ■ Assumed value of length 


Example: Find "Q” for 106* length of pipe 

Welded steel pipe. Diameter 18" Head - lk 


q 2 - / 27,5 2 [g + (.015$) (loo3 Qa m . 756 * 2 $ x 3.550 q 2 - 27.15 cfs 


2 + (.0155) (106) V 3.6L3 

To determine **0" for heads not shown In the tables. 

r. a / H 2 Qi 2 Siibserlpt 1 ■ Value of H from table 

J 2 J ——- Siijscript 2 - Assumed value of H. 


Siibserlpt 1 ■ Value of H from table. 
Sifcscript 2 - Assumed value of H. 


Example: Find **0” for lii^5 f Head. 

Welded Steel Pipe, Diameter 18”, Length • 80* 


Q 2 - / llug (28.8 2 ) 
V IC 


Q 2 - / llj.g x 829.UU Q2 - 29.31 cfs 


Diameter of Pi 


K« - Friction Loss 


Corrugated Metal Pipe n * 0.025_ 


18 ” 21 " 


i 10" 1 

12" 


0.1157 
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5. PIPE FLOW (CONT'D) 

Closed Conduit Spillvays (cont»d) 

The Hood Inlet (conb'd) 

1. Tables show discharges with "h” equal to or greater than 1.1* D, 

2. w h w must be equal to or greater than 1,1* D to obtain steady full 

pipe flow. 

3. For approximate discharges when "h” is less than 1,1; D, see weir 

flow tables at bottom of sheet, 

1*. These tables do not take into consideration the bend loss K m due to 

Angle "A". In most cases this loss is negligible if Angle n A w 

is less than 20°, 

5. Absolute pressure (cavitation) will not be critical in ranges 

covered by these tables, 

6. A proper anti-vortex device is necessary to obtain flow given in 

tables. 

7. These tables computed from data contained in Technical Release 

No. 3. 

8. Sn ■ neutral slope. 

Corrugated Metal Pipe Arches. Where there is not sufficient head room 
for a round pipe, or where a greater flow area is desired below the water 
surface, a pipe arch may be used. Circular pipe ranging from 15 to 60 
inches in diameter is used in forming arches with a span-rise of 18 x 11 
inches to 72 x 1*1* inches. Figure 16.1*2 gives details of corrugated metal 
pipe arches and the areas and hydraulic radius of equivalent round pipe. 
Figure 16.1*3 gives the velocities for discharges (Q) of from 5 to 200 cdbic 
feet per second for the various sizes of arch metal culverts. 

Figure 16.1*1* shows friction head losses in feet per 1000 lineal feet of 
arched corrugated metal pipe. 

Figure 16.1*5 shows the entrance and velocity head losses. The entrance 
and velocity head loss must be added to the friction loss, for the length 
of pipe being used, to get the total head required for the desired dis¬ 
charge capacity. 

Problem: 


W.S. 




Figure 16.1*1 






5, PIPE FLOW (COOT »D) 


Closed Conduit Spillways ( corib * d) 

Corrugated Metal Pipe Arches (cont T d) 

Problem: (cont»d) 

Given: Discharge capacity required_50 c.f.s. 

Velocity at outlet not to exceed_8 c.f.s. 

Road fill over top of pipe_8 feet 

Length of pipe_70 feet 

Required: Size of corrugated metal pipe arch 
and total head required (H) 

From Figure 16.1*1*, select an arch with a span of 
1*3 inches and a rise of 27 inches. 

(Hf) friction loss per 1000 feet ■ 28.93 feet 
v ■ 7.8 feet per second 

Hf for 70 foot long pipe - 28.93 x 70 ■ 2.02 

1000 

Figure 16.1*5 gives the following 

entrance and velocity head loss:_ 1.70 

Total head (H) required:_3.72 


Diameter of Pipe 
of equal Periphery 
in Inches 

Span 

in 

Inches 

Rise 

in 

Inches 

Pipe Arch 

Circular Pipe j 

Area in 
Sq. Ft. 

* r l 

Area in 
Sq. Ft. 

*r 2 

15 

18 

11 

1.1 

.28 

1.23 

.31 

18 

22 

13 

1.6 

.31* 

1.77 

.38 

21 

25 

16 

2.2 

.1*0 

2.1*0 

•1*1* 

21* 

29 

18 

2.8 

.1*5 

3.11* 

.50 

30 

36 

22 

l*.l* 

.56 

U. 91 

.62 

36 

1*3 

27 

6.1* 

.68 

7.07 

.75 

1*2 

50 

31 

8.7 

.79 

9.62 

OO 

CO 

• 

1*8 

58 

36 

11.1* 

.91 

12.57 

1.00 

5U 

65 

1*0 

11*. 3 

1.02 

15.90 

1.13 

60 

72 

1*1* 

17.6 

I 

1.12 

19.61* 

1.25 


^ri and rg - hydraulic radius - Area 

Wetted Perimeter 


Figure 16.1*2 




FULL FLOW VELOCITIES IN FT./SEC FOR ARCHED CORRUGATED METAL PIPE 


Q 

cfs 

Span Rise 
18" 11" 

Span Rise 
22" 13" 

Span Rise 
25" 16" 

Span Rise 
29" 18" 

Span Rise 

36" 22" 

IfrllMrU 

|a}HM 

Span Rise 
58" 36" 

Span Rise 

65" 40" 

Span Rise 

72" 44" 

A - 1.1 
Velocity 

mss 

m 

A - 2.8 
Velocity 

A ■ 4.4 

Velocity 

1I3J9 

iBBBB 

A - 8.7 
Velocity 

A - 11.4 

Velocity 

A ■ 14.3 

Velocity 

A - 17.6 
Velocity 

5 

4.5 

3.1 

2.3 

1.8 

1.1 

.8 

.6 

*k 

.4 

.3 

6 

545 

3.8 

2.7 

2.1 

1.4 

.9 

.7 



.3 

7 

674 

4.4 

3.2 

23 

13 

1.1 

3 


.5 

#u 

8 

7.3 

5.0 

3.6 

2.9 

1.8 

1.3 

.9 

.7 


.5^ 

9 

8.2 

5.6 

4.1 

3.2 

2.0 

1.4 

1.0 

.8 

*6 

• 5 

10 

9.1 

6.3 

4.5 

33 

2.3 

13 

1.2 

.9 

.7 

*6 

12 

10.9 

7.5 

5.5 

U#3 

2.7 

1.9 

13 

1.1 

#8 

.7 

14 

12.7 

8.8 

6.4 

5.0 

3.2 

2.2 

1.6 

1.2 

1.6 

.8 

16 

14.5 

10.0 

7.3 

5.7 

3.6 

2.5 

1.8 

l#U 

l.l 

.9 

18 

16.4 

11.3 

8.2 

6.4 

4.1 

2.8 

2.1 

1.6 

1.3 

1.0 

20 


12.5 

9.1 

7.1 

4.5 

3.1 

2.3 

1.8 

1.4 

1.1 

25 


15.6 

11.4 

8.9 

5.7 

3.9 

2.9 

2.2 

1.8 

1.4 

-IQ- 



10.7 

6.8 

4.7 

3.5 

'“275 1 

2.1 


35 


12.5 

8.0 

5.5 

4.0 

3.1 

2.4 


4Q J 



9.1 

6.3 

4.6 

3.5 

2.8 

2.3 

45 


10.2 

7.0 

5.2 

4.0 

3.1 

23 

mm 

11.4 

7.8 

5.8 

4.4 

3.5 

2.8 

60 



9.4 

6.9 

5.3 

4.2 

3.4 

70 


10.9 

8.1 

6.1 

■ 4.9 

4.0 

■ESI 



9.2 

7.0 

53 

h 

KH 


10.3 

7.9 

6.3 

5.1 

100 



8.8 

7.0 

5.7 

110 


9.7 

7.7 

6.3 

120 

10.5 

8.4 

6.8 

130 


— 

9.1 

7.4 

140 

Note: Span & Rise dimensions are in inches 

9.8 

8.0 

150 

10.5 

8.5 

■Ril 

11.2 

9.1 

170 

V ■ velocity feet per second 


9.7 

180 

Q ■ discharge cubic feet per second 

A ■ end area of pipe in square feet 

10.2 

190 

10.8 

“200“ 

11.4 


Figure 16.43 
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FRICTION LOSS IN FEET (H f ) PER 1000 LINEAL FEET OF ARCHED CORRUGATED METAL PIPE 

H f - l n 2 v 2 n - 0.025 
2.208 r4/3 


Q 

cfs 

Hf/lOOO* 

Hf/lOOO* H f /I000» 

Hf/lOOO* 

Hf/lOOO* 

Hf/1000* 

Hf/lOOO* 

H^/1000* 

Hf/lOOO* 

H^/IOOO* 

Span Rise 
18” 11" 

Span Rise 
22" 13" 

Span Rise 

25" 16 " 

Span Rise 
29” 18" 

Span Rise 
36" 22" 

Span Rise 
43" 27" 

Span Rise 
50" 31" 

Span Rise. 
58" 36" 

Span Rise 
65" 40" 

Span Rise 
72" 44" 

V 

Hf 

V 

Hf 

V 

Hf 

V 

Hf 

V 

Hf 

V 

Hf 

V 

Hf 

V 

Hf 

V 

Hf 

V 

Hf 

5 

4.5 

31,9 

3.1 

11.6 

2.3 

4.9 

1.8 

2.7 

1.1 

0.79 

0.8 

0.29 

0.6 

0.12 

o.4 

0.06 

0.4 

0.03 

0.3 

0.02 

6 

_54 

45.7 

_2*8 

16.7 

2.7 

7.1 

2.1, 

3.8 

1.U 

1.13 

0.9 

0.42 

0.7 

o.i8 

o.5 

0.09 

0.4 

~o7b5 

0.3 

0.03 

7 

6,4 

62.2 

4.4 

22.8 

3,2 

9.7 

2,5 

5,2 

1,6 

1.55 

1.1 

~b756~ 

0.8 

“o725 

“o73~ 

0,12 

o.5 

0.07 

“b74‘ 

0.04 

8 

7,3 

81.3 

5,o 

29.7 

3,6 

12,7 

2,9 

6,8 

1.8 

2.02 

1.3 

0.74 

0.9 

0.32 

0.7 

0.16 

X7b 

0.09 

0.5 

o,o5 

9 

8,2 

103.0 

5.6 

37.5 

U#l 

16.0 

3,2 

8,6 

2,0 

2,54 

1,4 

0,94 

1,0 

0,41 

0.8 

0.20 

0.6 

0.11 

0.5 

0.06 

10 

9.1 

127.2 

6.3 

46.4 

4.5 

19.8 

3.6 

10.6 

2.3 

3.15 

1.6 

1.15 

1.2 

0.51 

0.9 

0.25 

0.7 

0.14 

0.6 

0.08 

12 

10.9 

183.2 

7.5 

“6678~ 

5.5 

28.4 

4.3 

T371 

2.7 

4.56 

1,9 

“I73b 

i.4 

o.73 

1.1 

"Xlb 

0.8 

0.20 

0.7 

0.09 

14 

12,7 

249.4 

_JLJL 

90.9 

_6Aj 

JM 

_5,o 

20.8 

3,2 

6.18 

2.2 

2.28 

1.6 

1.00 

1.2 

0.49 

1.0 

0.27 

0.8 

0.16 

16 

14,5 

325.4 

10.0 

118.8 

7,3 

5o,5 

5,7 

27,1 

3,6 

8.10 

_L_5_ 

_ 2,-96 

_1,8_ 

1.30 

1,4 

0.63 i 

1.1 

0.35 

0.9 

0.20 

18 

16.4 

411.9 

11.3 

150.4 

8.2 

63.9 

6.4 

34.3 

4.1 

10.23 

2.8 

3.75 

2.1 

1.66 

1.6 

0.81 

1.3 

0.44 

1.0 

0.25 

20 


12.5 

185.6 

9.1 

79.0 

7.1 

42.3 

4.5 

1276b 

3.1 

4.61 

2.3 

“27o5 

1.8 

0.99 

Uk 


1.1 

0.32 

25 

15.6 

290.2 

11.4 

123.3 

8.9 

61,2 

5.7 

19.73 

3.9 

7.25 

2.9 

3.19 

2.2 

1.55 

1.8 

o.85 

1.4 

0.49 

30 



10.7 

“9572 

6.8 

28744’ 

4.7 

"Io74J 

3.5 

4.6o 

2.6 

"2724 

2.1 

1.23 

1.7 

0.70 

35 


12.5 

129.7 

8.0 

38.65 

5.5 

14.19 

4.0 

6.25 

3.1 

3.05 

2.4 

1.66 

2.0 

0.97 

40 



9.1 

50.53 

6.3 

18.52 

4.6 

8.15 

3.5 

4.oo 

2.8 

2.18 

2.3 

1.25 

45 


10.2 

63.99 

7.0 

23.43 

5.2 

10.34 

4.0 

“57o5 

3.1 

2.76 

27b 

1.59 

5b 

11.4 

78.91 

7.8 

28.93 

5>#8 

12.79 

4.4 

6.21 

3.5 

"1741 

2.8 

1.96 

6o 



9.4 

41.63 

6.9 

18.36 

5,3 

“879b 

4.2 

“4791 

3.4 

2.83 

_70_ 


10.9 

56.75 

8.1 

25.00 

6.1 

12.21 

4.9 

“6766 

4.0 

3.84 

80 



9.2 

32.67 

7.0 

1579b 

5.6 

8.71 


5.oi 

90 

1 

10.3 

41.52 

7.9 

20.16 

6.3 

11.02 

5.1 

6.36 

100 



8.8 

24.90 

7.0 

1376! 

5.7 

7.85 

110 


9.7 

30.09 

7.7 

16.48 

6.3 

9.51 

120 

10.5 

15790 

“874" 

19731 

~67b 

11.32 

130 

Note: Span & Rise dimensions are in inches 


9.1 

23.02 

7.4 

13.26 

"15b" 

v •• velocity feet per second 

Hf ■ friction loss in feet 

L ■ length in feet 

9.8 

26.70 

8.0 

15.38 

j£- 

ToTT 

30.66 

8 # 5> 

17l67 

1w 

11.2 

14789 

9.1 

20.11 

170 

n ■ roughness coefficient 


9.7 

20.71 

"ISo" 


10,2 

25.42 

190 


10.8 

28.34 

200 

11.4 

29.88 


Figure 16.44 
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ENTRANCE AND VELOCITY HEAD LOSS FOR FULL PIPE FLOW 
IN ARCHED CORRUGATED METAL PIPE 


Q 

cfs 

Span Rise 
18" 11" 

Span Rise 
22" 13" 

Span Rise 
25" 16" 

Span Rise 
29" 18" 

Span Rise 
36" 22*' 

Span Rise 

43" 27" 



Span Rise 
65" 40" 

Span Rise 
72" 44" 

A - 1.1 

A • 1.6 

A - 2.2 

A - 2.8 

A - 4.4 

■JUL89 

A - 8.7 

mm 

MXBm 

OEXBH 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

5 

.6 

.3 

.2 

.1 







6 

.9 

•U 

.2 

.1 

.1 

- 

- 

- 

— 

— 

7 

1.3 

.6 

.3 

.2 

.1 

- 

- 

- 

- 


8 

1.6 

.8 

• u 

.3 

.1 

• 

- 

- 

* 

- 

9 

2.1 

1.0 

.6 

.3 

.1 

.1 

- 

- 

- 

- 

10 

2.6 

1.2 

.6 

• U 

.2 

.1 

- 

- 

- 

- 

12 

3.7 

1.7 

.9 

• 6 

.2 

.1 

.1 

- 

- 

- 

14 

5.0 

2.4 

1.3 

.8 

.3 

.2 

.1 

- 

- 

- 

16 


3.1 

1.6 

1.0 

.4 

.2 

.1 

.1 

- 

• 

18 

3.9 

2.1 

1.3 

.5 

.3 

.1 

.1 

- 

- 

20 

4.8 

2.6 

1.6 

#6 

.3 

.2 

.1 

.1 

- 

25 

7.6 

4.o 

2.5 

1.0 

.5 

.3 

.1 

.1 

.1 

30 



5.8 

3.6 

1.U 

.7 

.h 

.2 

.1 

.1 

36 



4.9 

2.0 

.9 


.3 

.2 

. 1 " 

40 


6.3 

2.6 

1.2 

.7 


.2 

.2 

45 



3.2 

1.5 

.8 

.5 

.3 

.2 



4 . 0 " 

1.7 

1.0 


.4 

.3 

60 

5". 8 

2.7 

1.6 

.9 

.5 

*h 

70 



3.7 

2.0 

1.2 

.7 

.5 

80 


4.9 

2.6 

1.5 

1.0 

.6 

90 

6.1 

3.3 

1.9 

1.2 

.8 

100 

Notes Span & Rise dimensions are in inches 


4.1 

2.4 

i.5 

1.0 

110 

Q ■ discharge cubic feet per second 

5.o 

2.9 

1.8 

1.2 

120 

A ■ end area of pipe in square feet 


maim 

2.2 

1.4 

130 

Add the Hf for the actual pipe length to 
these values to determine the head 
required for full pipe flow. 

4.0 

2.6 

1.7 

~I4o“ 

4.7 

3.0 

2.0 

i5o 

5.4 

3.4 

2.3 

160 


3.9 

2.6 

170 


4.4 

2.9 

180 

4.9 

3.2 

190 


3.6 

200 



4.0 


Figure 16. 45 
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PART 17 

CONTOUR FARMING AMD CONTOUR STRIP CROPPING 
1. GENERAL 


One of the basic engineering practices in conservation farming is the 
change of tillage and crop management operations from up and downhill to 
contour. In the same manner contour furrows or pits on rangeland reduce 
runoff and provide additional moisture for grasses. 

Contour farming or contour strip cropping helps provide the multiple 
control needed to reduce runoff and si1tation, which increase costs of 
lower-lying structures or damage other conservation measures. In the 
drier areas where water erosion is not a serious problem, these measures 
are the means whereby additional moisture is provided. In areas where 
the annual rainfall is 18 inches or less, moisture saved by contouring 
activities increases forage yields enough to more than offset the cost 
of applying these measures. 

Drills or cultivators used on the contour provide ridges of earth that 
detain runoff or snowmelt so that it will enter the ground and be available 
to the growing plants. Since the size of the ridges will vary during the 
crop-growing season there will be differences in their effectiveness. That 
is the reason that long slopes need more than contour farming alone for 
season-long protection. Greater erosion control or moisture conservation 
is provided by a contour strip cropping system or a series of terraces 
supported by contour farming. Contouring alone usually has some furrows 
that are not entirely on the level so that runoff may be concentrated at 
one point and create a situation where break-overs will occur and create 
gullying hazards. Contour strip cropping partially overcomes the gullying 
hazards lay redistributing the water through the alternate close growing and 
cultivated crop strips. 

Conservation crop rotations and residue management are needed on all 
contour farmed or contour strip cropped fields. These agronomic measures 
increase the soil intake rates and reduce the volume of water that must be 
stored in the ridges. All waterways should be shaped and seeded to suit¬ 
able grasses before or at the time contouring is performed on the fields. 
Prior seeding of waterways provides a safe outlet for water concentrated- 
in the swales. Farming on the contour is sometimes needed to check run¬ 
off from the slopes so that the waterway can be seeded and a stand of 
grass established. 


2. DESIGN 


Most of the natural waterways, or swales, should be grassed when con¬ 
tour farming and strip cropping are expected to provide soil erosion control. 

A diversion ditch may be needed to carry foreign runoff to a suitable 
discharge point and protect the slope that is contour farmed. 
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2. DESIGN (COMT»D) 

Consideration should be given to the route taken by farm machinery 
to get in and out of the field to be farmed. Extra width to the water¬ 
ways, odd areas seeded to grass and field border seedings provide a road 
that will not create erosion. 

Field boundaries and fence lines should be changed to match the con¬ 
touring. Odd areas created by contour farming square fields increase the 
difficulties and expenses of the farm operator. 

3. LAYOUT 

Contour guidelines across the slope may be level or on a terrace grade. 
Generally, the layout of lines start at the top of the slope. In some 
cases, the irregular topography may necessitate the layout of a key line 
farther down the slope as the first step. The other guidelines will then 
be adjusted to the key guideline. A much more farmable pattern of contour 
farming may be the result of following this procedure. 

The guidelines may have sharp curves so these should be smoothed out and 
rechecked for allowable grade. Each of the guidelines should be measured 
with a tape so it parallels the key guideline or spaced at terrace inter¬ 
vals on the slope as required in some states. If guidelines are laid out 
parallel to each other, any line at a uniform width from the key line should 
be checked for grade. If satisfactory the second line can be utilized and 
additional lines laid out as long as the grade remains satisfactory. When¬ 
ever the grades on parralleled lines become excessive, additional key guide¬ 
lines may be required and the above procedures followed. The technician 
should plan a system to reduce the number of short row or odd areas but a 
few widely spaced guidelines on a slope may be more detrimental than bene¬ 
ficial. 

The widths of the contour strips do not have to be limited to the same 
spacing as the guidelines. The alternate strips of close growing and cul¬ 
tivated crops may vary within the field and include one or two guidelines. 
The method of farming out the lands between guidelines should determine 
the boundary of a strip. Contour strips should not be less than 3 rods 
nor more than 25 rods wide. 

The layout of a field for contouring or strips includes more than lay¬ 
ing out the guidelines. If these practices are new to the operator the 
technician should stake additional lines above and below the guidelines to 
show how the field should be farmed and where the odd areas will occur. 

It can then be explained how £he machinery can be turned around and the 
odd areas farmed. The odd areas can also be seeded to grass or forage 
crops for hay, pasture, or seed. 

Lines can be staked by using lath, wires with cloth or plastic flags, 
or throwing up small mounds of earth with a shovel. Plowing out of the 
lines should be done before the technician leaves the field. In this way, 
stakes can be reclaimed and the farmer will not be confused by the several 
lines staked out across the slope. 
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3. LAYOUT (OONTD) 

Stakes or flags at the ends of contour guidelines on field boundaries 
or fence lines will serve as reference poi^-s for all future farming activ¬ 
ities and eliminate a re-survey. 

On some classes of land where the topography is rough, irregular, and 
the length of slopes is less than 200 to 25>0 feet, contour farming may be 
the only mechanical practice that can be applied. In these cases, a great¬ 
er modification of the guidelines is permissible. The maximum deviation from 
a level line is 2 feet per hundred for a maximum length of 300 feet. 

U. CONSTRUCTION 

Plowing, listing, or drilling on the contour is always started at the 
guideline when first performed. When the lands are established future 
operations can start at the edges. 

There are several methods of contour farming the area between guide-- 
lines. Generally the machinery operator starts on a guideline and, by 
parrelling this line, farms up halfway and down halfway between any pair of 
guidelines. When the fields are quite irregular and there is wide variance 
between the guidelines, the farming of lands may need to be changed to one- 
third up and two-thirds down or some other proportion. The principle point 
to remember is to keep as many rows as much on the contour as possible, and 
the field technician should be able to suggest the arrangement of lands for 
each guideline. 

Long rows can be farmed first with a narrow strip left throughout the 
entire length of the field so the odd areas can be farmed. Then the strip 
left for turning should be farmed. In some cases, the odd areas may be seed¬ 
ed to grasses for permanent tumrows. In some locations, the odd areas and 
short rows are seeded to grasses so that the farming areas are always uniform 
in width and which accomodates the farm machinery that is used. 

The Figures 17.1 to 17.7 show how adjustments can be made when planting 
a field using the guidelines. The same procedures are followed when contour 
farming a field on which a system of terraces have been constructed. 

The cultivation and harvesting of row crops will depend on how the field 
was planted but will generally be the reverse, so to speak, of the planting 
procedure. The turnland through the length of the field will be cultivated 
or harvested first, then the short rows, and finally the long rows parallel 
to the guidelines. 

The square boundaries of the fields should be changed to match the con¬ 
tour farming and lessen the acreage of odd areas. Any remaining odd areas 
may then be farmed, grassed, or prepared for a wildlife area. 

5. MAINTENANCE 


Contour guidelines must be maintained. Backfurrowing of the guideline 



5. MAINTENANCE (OOMT'B) 


at the end of the growing season is one method. Grassed tumrows and odd 
areas will give permanent boundaries so the fields can be farmed the same 
each year. Permanent boundaries on a strip cropping system will give the 
same results. 

6. EQUIPMENT 

Normal farm equipment is all that is needed to do contour farming or 
contour strip cropping. 

7. CONTOUR FARMING 
Planting Crops in Contoured Fields 

Crop rows that parallel contour guide lines, reduce run-off and erosion. 

The following figure 17.1 gives the principles of 

1. farming the long row areas above and below guide lines 

2. farming the Remaining irregular point row areas between the long 
areas 

3. locating the turhrows between contour guide lines. 


1 

i# 


The tumrow areas can be farmed the same as the rest of the field 
(Figures 17.2 and 17.3) or seeded to annual or permanent vegetation (Fig. 
17.h). Permanent vegetation in the Irregular areas and tumrows makes the 
planting, cultivating and harvesting much easier. 


USUAL CONDITIONS POUND IN CONTOURED FIELDS 



Figure 17.1 


A. Plant long rows down from upper guide line nearly halfway at narrowest 
place between guide lines. 

B. Next plant long rows up from lower guide line to width of tumrow D at 
narrowest place. 

C. Fill in short rows using D as an unplanted tumrow of U to 8 rows. 

D. Plant long rows in tumrow (D) after short rows, or seed to annual or 
perennial vegetation. 

















17-5 


7. CONTOUR FAMING (CONT'D) 




Using turnrow in listing 
Figure 17•2 


listing out turnrow 
Figure 17*3 



Irregular areas and turnrow 
seeded to legumes and grass 
Figure 17.U 


Where terraces are not used, annual backfurrcwing or deadfurrowing 
is necessary to retain the exact location of the guide lines. The guide 
lines should be further identified by markers in adjacent fences, or 
strips of permanent vegetation. 
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PLANTING ROW CROPS ON TERRACED LAND 

METHOD No. I 

STEP NO I 

START PLANTING NEAR TOP OF RIDGE 



STEP NO. 2 


CONTINUE PLANTING BY STARTING ON BACKSLOPE OF TOP 
TERRACE AND PLANT DOWN ABOUT WE THIRD OF DISTANCE 



STEP NQ 5 

START PLANTING NEAR THE TOP OF RIDGE OF SECOND TERRACE 



From U SO A, 
Ml Iwaukee, 


STEP NO. 4 

PLANT ’SHORTER* ROWS ON WIDE PORTION OF THE TURN LAND 



THE 8 ROW WIDE TURNLAND IS PLANTED LAST 



u. $. department of agriculture 

SOIL CONSERVATION SERVICE 


Figure 17*5 




PLANTING ROW CROPS ON TERRACED LAND 


METHOD No. 2 


STEP NO I 


START PLANTING NEAR TOP OF RIDGE 



STEP NQ 2 

START PLANTING NEAR THE TOP OF RIDGE OF SECOND TERRACE 
AND PLANT UP THE SLOPE. OVER CHANNEL. UNTIL A LAND 8 R OHS 



STEP NQ 3 

PLANT ‘SHORTER* ROWS ON WIDE PORTION OF TURNLAND 



STEP NQ 4 

START NEAR TOP OF BACKSLOPE OF TOP 



Figure 17*6 


From USDA, SCS • 
M \ lwauk ee, Wisc. 


U. S. DEPARTMENT OF AGRICULTURE 
SOU CONSERVATION SERVICE 


PLANTING ROW CROPS ON TERRACED LAND 


METHOO No. 3 


STEP NO. I 


START PLANTING NEAR TOP OF RIDGE 



CONTINUE PLANTING BY STARTING CN BACKSLOPE OF TOP 
TERRACE AND PLANT DOWN ABOUT CNE HALF OF DISTANCE 



START PLANTING NtAR THE TOP OF RIDGE OF SECOND TERRACE 



If you don’t want to bother with point rows you can 
just leave the uneven area in grass or small grain. 


AREA WHERE POINT ROWS WOULD OCCUR IS ESTABLISHED AND 



From USDA, $CS 
/wauk ee f Wlsc• 

U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 


Figure 17.7 
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PART 18 

CONTOUR FURROWS AND PITTING ON PASTURE AND RANGE LAND 

1. GENERAL 


Purposes 

The purpose of contour furrows or pitting on pasture and range land is 
to reduce runoff and erosion, improve plant cover, conserve moisture, and 
increase forage yields. Contour furrows reduce water erosion by storing 
the runoff and by acting as small desilting basins. In the interest of 
flood control, the establishment of contour furrows on pasture or range 
land may be one of the most effective mechanical treatments that can be 
applied. The exception to these multiple benefits might be the sandier and 
heavy claypan areas of the state. 

Contour furrowing is one of several soil and water conservation prac¬ 
tices that may be needed on tame or native pastures. This practice consists 
of the construction of small channels spaced at regular intervals across 
slopes, to provide water storage below the surface level of the ground. A 
furrow slice or ridge of sod is undesirable for it does not distribute ex¬ 
cess water in a uniform manner. The excavated soil and sod is broken up 
and scattered over a large area to prevent the deep burial of grasses. 
Contour furrows are always laid out and constructed so they are level and 
have closed ends. Pitting machines are operated on the approximate contour. 

Soil Conservation Service research at the Central Great Plains Experi¬ 
mental Watershed near Hastings, Nebraska has given us some important hydro- 
logical data on rainfall and runoff from native grass areas. The experiment 
which is still in progress was first initiated in 1939. During 19U0 through 
19kS the experiment measured effects of furrows on runoff for both heavily 
and lightly grazed pastures and on unfurrowed controls. The soil at the 
site of the studies is designated as a very deep soil with thick medium- 
textured top soil and thick, moderately slowly permeable subsoil and mod¬ 
erately permeable substrata on loess uplands. 

Figure 18.1 shows the total annual runoff from the pasture areas, as 
well as the total annual rainfall at the Central Meteorological Station for 
the period of 19^0 to 19hS. 
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1. GENERAL (OONT'D) 

TOTAL ANNUAL RUNOFF FROM PASTURE PLOTS * 

Ave. 

Treatment Slope_Total Runoff ** (In Inches) 



# 

w 

W 

T5CT 

T3GT 

■W 

"T5UT 

6-yr 









Ave. 

None (check) Heavily grazed 

6.9 

0.68 

1.36 

1.62 

1.38 

1.72 

1.31* 

1.35 

None (check) Lightly grazed 

6.8 

0.75 

1.20 

0.55 

0.89 

0.32 

0.3U 

0.68 

Furrowed *** Heavily grazed 

6.8 

0.03 

0.10 

0.20 

0.09 

0.27 

0.20 

0.15 

Furrowed *** Lightly grazed 

7.0 

o.il* 

0.10 

0.03 

o.o5 

0.06 

0.06 

0.07 

Annual rainfall at station 

- 

13.0 26.3 

31.8 

16.2 

29.7 

22.6 

23.2 


* No forage yield data were measured at this station. 

** The runoff data from the contour furrowed plots are not adjusted to com¬ 
pensate for the relatively small unfurrowed area between the lowest 
furrow and the weir on each plot. 

*** Data are from two plots, one of which had contour furrows horizontally 
spaced at 10* to 12* intervals, and the other 16’ to 18*. The furrows 
were 1*" deep and 6" wide. 

Figure 18.1 

Figure 18.1 shows that during the 6-year period: 

(1) The total runoff was reduced 50# by reduced grazing. 

(2) The total runoff was reduced 90# by contour furrows. 

(3) The total runoff from the furrowed pastures, lightly grazed, was 

only 1/3 of 1# of the rainfall. 

Figure 18.2 shows the effect of vegetative cover and mechanical treat¬ 
ment of pasture areas on the peak rate of runoff. These results are for the 
same pasture plots and period as in Figure 18.1. 

MAXIMUM ANNUAL PEAK RATES OF RUNOFF FROM PASTURE PLOTS * 


Ave. 


I> 4 iTfitHJI ■rIJ 

hr.) 

Treatment Slope 







6-year 

# 

191*0 

191*1 

19L2 

191*3 

191*1* 

191*5 

Ave. 

None (check) Heavily grazed 6.9 

0.51 

1.11 

0.68 

1.1*3 

0.95 

1.38 

1.01 

None (check) Lightly grazed 6.8 

o.6o 

1.01 

0.27 

1.55 

0.29 

0.61 

0.72 

Furrowed *** Heavily grazed 6.8 

0.03 

0.06 

0.07 

0.11 

0 . 11 * 

0.16 

0.10 

Furrowed*** Lightly grazed 7.0 

0.03 

o.oi* 

0.03 

0.11 

0.05 

0.13 

0.07 

Annual rainfall at station 

13.0 

26.3 

31.8 

16.2 

29.7 

22.6 

23.2 


Figure 18.2 
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!♦ GENERAL (OONT'D) 

Maximum Annual Peak Rates of Runoff from Pasture Plots » (cont'd) 

* No forage yield data were measured at this station. 

## The runoff data from the contour furrowed plots are not adjusted to 
compensate for the runoff from the relatively small unfurrowed area 
between the lowest furrow and the weir on each plot. 

<hh* Data are from two plots, one of which had contour furrows horizontally 
spaced at 10’ to 12' intervals, and the other at 16* to 18’. The 
furrows were it" deep and 6 W wide. 

In 1947 the runoff experiments were revised to determine the effects 
of pitting (eccentric discing) and narrower furrow spacings with the 
grazing to be the same on all plots. The results of these experiments are 
shown in Figure 18.3. 

ANNUAL RUNOFF FROM PASTURE PLOTS * 


Av'eT ~ maT-KunoTTWl in TncKes)' 


Treatment 

Slope 

% 


1948 

1949 

1950 

4-yr. 

Ave. 

None 


1.28 

6.14 

mmm 

1 .4T 

1.1$ 

Eccentric disced 

- Moderately grazed 6.8 

0.52 

o.o5 

0.86 

0.91 

0.59 

Contour furrowed 

- Moderately grazed 6.8 

0.16 

0.02 

0.30 

0.29 

0.19 

12' - 18' 

Contour furrowed 

- Moderately grazed 6.9 

0.04 

0.006 

0.02 

0.21 

0.07 

4' - 5' 

Total rainfall (inches) 

21.0 

17.5 

26.8 

22.4 

21.92 


* No forage yield data were measured at this station. 

** The runoff data from the contour furrowed plots are not adjusted to 
compensate for the relatively small unfurrowed area between the 
lowest furrow and the weir on each plot. 

Figure 18.3 

The changes in furrow spacing in the 1947 to 1950 experiments were 
decided upon after reviewing the 1941 sample results on soil moisture dis¬ 
tribution on furrowed and unfurrowed areas. The information received from 
this experiment is shown in Figure 18.5. It will be noted that the per-¬ 
cent of soil moistt-'e is higher on the furrowed plots than on the unfurrow¬ 
ed plots, but that the moisture is not well distributed through the section. 
From these data it was decided that 12* to 18* spacing between furrows was 
too great. 

Summarizing: The 10-year period of record obtained at the Central 
Great Plains Experimental Watershed shows that the reduction in both peak 
rates and total runoff from furrowed pastures is highly significant and 
that furrows should not be placed more than 12 feet apart for the good 
distribution of soil moisture. It is preferred that furrow spacings be 
4 to 5 feet apart or less. It also shows that light grazing and treatment 
with an eccentric disc was significant in this case but not as effective 
in reducing runoff as light grazing and furrows. 
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18 - 1 * 


Annual Runoff from Pasture Plots » (cont'd) 

The increased amount of 1 2 3 water absorbed by the soil and its aeration 
as a result of contour furrows may stimulate plant growth and make it 
possible under conservative use to obtain both higher yields of forage and 
more plant residues. This is substantiated by the following research data 
obtained from the "19l*9 Annual Report on Approved Line Projects in Wyoming," 
by 0. K, Barnes. These data cover work at the Archer Field Station located 
about 9 miles east of Cheyenne, Wyoming. The work is a cooperative under¬ 
taking of the Soil Conservation Service Research Division with the Wyoming 
Agricultural Experiment Station, the Bureau of Plant Industry and Soils and 
Agricultural Engineering. The higher yields of forage obtained on contour 
furrowed land are reflected in the number of sheep days of grazing, the 
lamb gain per acre and the lamb gain per head. The plant residues remain¬ 
ing at the end of the grazing season were clipped and weighed and the results 
shown in Figure 18.1). 

SUMMARY OF GRAZING AND UTILIZATION ON PASTURES 
TREATED IN 1939 AT ARCHER FIELD STATION. 

(Averages for 19l*0 to 19l*9> inclusive)* 


Treatment 

Sheep bays 
Per Acre 

Lamb Gain 
Per Acre 

Lamb Gain 
Per Head 

Pounds per 
acre Grass 
left at end 
of season ** 

Check (Untreated) 

61* 

32.5 

53.0 

217 

Pitted (Eccentric disc) 

78 

38.6 

51.9 

272 

Grooved (Contour furrows) 

*** 78 

1*0.7 

55.5 

330 


* No Runoff measurements were made at this station. 

** Average for eight years. Data were not obtained for 19l*0 and 19l*7. 
*** These contour furrows were 6 inches wide, 1* to 5 inches deep and 
spaced 2 feet apart. 


Figure 18.1* 


Adaptability 

Contour furrows or pits are adaptable to much of the native rangeland 
in this State. They are also suitable on permanent tame pastures where 
reduction of damages from runoff and siltation are the primary objectives. 
In general, they are adaptable to areas where there is: 

1. A condition where the plant cover is below its potential. 

2. Annual runoff. 

3. Water erosion of the soil. 

1*. Soil that has sufficient depth and is free of rocks or large 
roots. 






Moisture: 



25* or 
over; 



20-25*; 



15-20*; 



j | less than io* 


Plain, heavily grazed 



Ave: 15.2* 


Plain, lightly grazed Furrowed, heavily grazed 



Ave: 15.5* Ave: 17.4* 


Furrowed, lightly grazed 



Ave: 20.9* 


April 16 



SOIL MOISTURE DISTRIBUTION ON FURROWED AND UNFURROWED AREAS 
Source Measurements taken to a depth of 4 feet 

GREAT PLAINS HYDROLOGIC STATION Scale 1* equals 8 1 

Hastings, Nebraska 

I 9 m Figure 18.5 
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1. general (CONT’D) 


Adaptability (cont'd) 

Refer to the local technical standards for more specific reference as 
to areas suitable for and in need of contour furrows or pitting and for 
grazing management. Since farm equipment generally will be used for their 
construction, contour furrows or pits should not be planned for steep slopes 
or hummocky land which cannot be readily furrowed on the contour or pitted 
on the approximate contour. The beneficial effects of furrows and pits on 
forage yield will probably be the greatest on,deep to moderately deep 
medium-textured permeable soils in moisture deficient areas. Treatment of 
this type is also beneficial in areas where there are high intensity showers 
during the growing season, rapid snowmelt, or where rhizomatous mid grasses 
can replace the short grasses on rangeland. 

2. SURVEYS FOR FURROWS 

After a determination has been made that the soil and slope are suit¬ 
able, there are some points that should be given careful consideration 
before laying out the furrows. One of these that should be discussed with 
the operator is the location on the grassed area of routes of travel fre¬ 
quently used by the operator with vehicles. These will include routes of 
travel to water developments, salt grounds, corrals, fence lines and possi¬ 
bly others. These routes of travel should not be crossed with the furrows. 
Another item that should be given consideration is the effect of contour 
furrowing on water supply. Contour furrowing builds up underground waters 
and is beneficial to wells and springs, but it may be detrimental to 
stockwater ponds located on the same drainage. Stockwater ponds with small 
drainage areas above them may be materially affected, if a considerable 
portion of the drainage area above them is contour furrowed. 

3. DESIGN FOR FURROWS 


Contour furrows may vary in size from 3 to 6 inches or more in width 
to 3 to 6 inches in depth. They may vary in shape from that of a n V n to 
square or rectangular. The depth of the soil should be used as the main 
factor to determine the depth of the furrow to be constructed. Since furrows 
become most effective when vegetation is growing in them it is best not to 
make them so de~p that infertile subsoil is exposed. Another factor to be 
considered is the kind of equipment the operator may have to construct the 
furrows. The shape and width of the furrow should be governed largely by 
the stability of the soil. For stable soils where the side walls of the 
furrow do not slough readily, a rectangular furrow U to 6 inches wide is 
recommended. For unstable soils the furrows should be at least 6 inches 
in width. Narrow furrows, U to 6 inches wide, spaced closely together, 

2 to 5 feet apart, have a decided advantage over wider furrows spaced at 
greater distances apart. The narrow furrows, spaced closely together, 
give a better distribution of runoff water and higher yields of forage. 

Also, the furrow slices are more readily spread and the furrows are more 
easily crossed by motor vehicles and livestock, especially old ewes. 
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3. DESIGN FOR FURROWS (OONT'D) 


The effectiveness of contour furrows to hold water will depend on 
the degree of slope, smoothness of the surface and the accuracy with 
which they are constructed. Their longevity will be determined by the 
stability of the soil and soil movement on the area immediately above them. 

Furrow sizes and spacing can be designed in the same manner as the 
spillway for an earth dam by using rainfall data and estimating runoff 
conditions. 

Figure 18.6 gives rainfall intensities in inches per hour for several 
states for 2- or 5-year frequencies. Field personnell will be expected to 
exercise judgment on the frequency period to be used. If the watershed 
area to be furrowed is above a critical area (farmstead, irrigation ditch, 
deep gullies, etc.) that needs considerable protection, then the 5-year 
frequency chart should be used. The 2-year frequency is ample where 
conditions are on the favorable side. 

After determining the amount of rain to be expected in a one-hour 
period, it is then necessary to determine the characteristics of the water¬ 
shed on which the furrows will be placed. Figure 18.8 has numerical factors 
for the various degrees of variance in slope, soil infiltration,vegetal 
cover and surface to he used in the calculation of runoff. Totaling the 
various characteristic factors gives the watershed coefficient to be used. 

The runoff, in inches, is the product of the rainfall and the runoff 
coefficient •’C". When the runoff is calculated, Figure 18,9 will then 
show the spacing to be used for various types of furrows. 

Figures 18,10 and 18.11 give furrow spacings according to four typical 
geographical points, a watershed characteristic that is normal , a runoff 
coefficient of "C" equals 0.31 and 0.35 and for various furrow widths and 
depths. The same procedure can be followed for different conditions or 
localities. 

From the latest hydrologic data the value of runoff coefficient M C" 
is determined for various frequencies by the formulai 

C ■ C maximum (T) x 

where "C w maximum is for 100 years 
T is frequency in years and 
x - 0.19 
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3. DESIGN FOR FURROWS (OOMT'D) 

Using the preceding formula, we have the following "C" values to use* 
INTERPOLATED VALUES OF «C H FOR USE IN RATIONAL FORMULA 


Total of Watershed 
Physical Characteristics 

Two year Frequency 

Five-Year Frequency 

10 

.16 

.18 

12 

.18 

.21 

Ik 

.20 

.23 

16 

.23 

.26 

18 

.25 

.29 

20 

.28 

.32 

22 

.30 

.3 h 

2k 

.31 

.35 

26 

.32 

.37 

28 

.33 

.38 

30 

.35 

.UO 


Figure 18.7 


RUN-OFF PRODUCING CHARACTERISTICS OF WATERSHEDS SHOWING 
FACTORS FOR EACH CHARACTERISTIC FOR VARIOUS WATERSHED TYPES 
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Figure 16.8 


Furrow Spacing in Feet 


channel x-sect. in sq. in, 
depth runoff in inches x 12 


SPACING OF CONTOUR FURROWS OF VARYING CHANNEL 
CAPACITY FOR DIFFERENT DEPTHS OF RUNOFF 
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3. DESIGN FDR FURROWS (CONT'D) 


SPACING OF CONTOUR FURROWS 
2-Year frequency 



WSM 

”Mi'l'es'City 
Mont. 

Pierre 

S.Dak. 

Wellington 

Kans. 

Rainfall (In./for.)(From Fig. 18.6) 

Assumed characteristics of Watershed 
(Figure 18.8) 

Relief - 8 

Soil - h 

Cover - 6 (poor) 

Surface - 6 

2H (Normal) 

o.55" 

0.75" 

1.25" 

1.75" 

Runoff coefficient - C 
(See Figure 18.7) 

0.31 

0.31 

0.31 

0.31 

Runoff ■ Rainfall x C 

0.17 

0.23 

0.39 

O.Sh 

Furrow spacing from Fig. 18.9 

3" x 3" 

5.0' 

3.3' 

2.0' 

1.5' 

U" x h n 

7.6' 

7.5’ 

3.U' 

2.5' 

U" x 6" 

12.0' 

8.6* 

5.0' 

3.6' 

6" x 6" 

12.0' 

12.0' 

7.6' 

5.U* 

h” x 12" 

12.0' 

12.0' 

12.0' 

7.2' 

6" x 12" 

12.0' 

12.0' 

10.8» 

11.O' 


Figure 18.10 
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Eaaias 


Mont. 


es City 
Mont. 


Rainfall (In./hr.)(From Fig. 18.6) 0.75" 1.10" 

Assumed characteristics of Watershed 
(Figure 18.8) 

Relief - 8 

Soil - k 
Cover - 6 (poor) 

Surface - 6 

21* (Normal) 


erre 
S.Dak. 


1 . 60 " 


ellington 

Kans. 


2.25" 


Runoff coefficient - C 

0.35 

0.35 

0.35 

0.35 

1 

(See Figure 18.7) 





f 

Runoff » Rainfall x C 

0.26 

0.39 

0.56 

0.79 


Furrow Spacing from Fig. 18.9 





3" x 3" 

3.0* 

2.0« 

l.U» 

1.0* 

i 

U" X ll" 

5.0' 

3.U* 

2.U» 

1.7' 

6 

U” x 6" 

7.6* 

5.1* 

3.5' 

2.5' 


6" x 6" 

12.0' 

7.6* 

5.5' 

3.8' 


U» x 12" 

12.0' 

11.8* 

7.0' 

U.9' 

| 

6" x 12" 

12.0' 

12.0' 

10.6' 

7.5' 

I 
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Where contour furrowing is inadequate to prevent 
areas that have excessive runoff, pasture terraces (as described in Part 
it) should be used with contour bdtweaii * h istsuiw 
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CONSTRUCTION OF FURROWS 
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pf§v/S c ic8ft £ ‘B€J J dsed dri the larger^fur^owsi' -'^e-'inacffihe'needs s tfe ba^irtrong 
to withstand the speed and heavy pull in cutting f §6d.^RdllfftQ cddltlrS^ 
ahead of the shovels or chisel may help in splitting the sod. Rolling 
coulters, however, are objectiohabde. in. ttot i they. d&ay the grassing over 
of the furrows where stoloniferous or rootstock grasses are present. Wings 
or drags^bdhirid the 'Wabhrrte are needed to tousle the : sgd s aftd J ^§tif 9 i& -above 
and below the e^di^tSd^fuirtoWp^'A harlciw night’bd usedfd Steakdip^he 1 - 
sod chunks after the fiirrows are constructed. *• The • maChihe 7 should be' able 
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Any season of.the year is suitable for furrow construction if the ground 
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Water Storage 




If furrowing costs are considered comparable to plowing, the cost of 
water%tdragi D b$^thi s conservation practice is Hrery 0 rdaSoh£bld^ CTh^S * £s 
of grSit value'' : '\Aen;dPnsIdeS*ing the storage potential'frbh tHe Stjind^6(ht-* 
of flood control and erosion control. ' ' i ? . 3nc ' ': r - r ' r - 
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Proper management of gracing is essential to reduce rate of siltation 
and Consequent loss of storage capacity. The effect of' slejpKFoff 5 stSfage 
capacity Is minor with the narrower furrows on land as steep^is 4 20£ Aiftidh 
is probably near the upper limit of slopes that can be fuhrodMl 




The storage potential of contour fxiTrows for any fitfrowed'acfOa^^nd 
with any spacing and furrow size can be determined by the fOfioWFdgOrsklla: 
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5. CONSTRUCTION OF FURROWS (OONT'D) 


Water Storage (confd) 

where* d • depth of furrows in feet 
V ■ volume in acre-feet 
A ■ area furrowed in acres 
w * width of furrows in feet 
s ■ horizontal spacing of furrows in feet 

For one acre of furrowing it can be seen that furrows k inches by k 
inches in size and spaced k feet apart will hold l/36th of an acre-foot 
of water. Or, 1 acre-foot of water will be held on 36 acres. Furrows 
U inches by U inches by 3 feet apart will hold l/27th of an acre-foot of 
water per acre, or 27 furrowed acres will hold 1 acre-foot of water. 

Rainstorms of varying intensities and runoff may fill the storage 
potential more than once during the storm period if the stored water is 
able to infiltrate into the soil between the high intensity periods. For 
that reason the furrows may catch and store more than their storage poten¬ 
tial during one storm period. 

6. MAINTENANCE OF FURROWS 


Proper management of grazing and adequate cover provide the best 
maintenance for contour furrows. If the furrows have silted full and have 
lost their effectiveness, a determination needs to be made as to whether 
the old furrows should be reshaped or new furrows constructed between the 
old ones. If the old furrows are supporting a better stand of grasses than 
there is between them, a new furrow should be constructed between the old ones. 

Maintenance of the furrows can be completed at two different seasons 
in one year, or over a two-year period, by reshaping alternate furrows. 

Small chunks of sod can be placed in furrows that are not level and are 
discharging water. 


7. PITTING 

Pitting of pasture or range land with the eccentric disc creates a 
waffle-like surface by cutting out irregular-shaped strips of sod and 
moving it to one side. The excavations formed by the discs that have 
offset centers will store water and assist in water infiltration. 

Areas suitable for pitting are similar to those suitable for furrowing 
yet furrows may hold more water on steep slopes while scattered woody plants 
interfere less in pitting operations. 

"Runoff data from pitted pastures are given in Figure 18.3. Grazing 
and utilization records from shortgrass range for pitted and non-pitted 
range are given in reports issued by the Archer Experimental Station, 
Wyoming. Some of the conclusions reached by 0. K. Barnes in Bulletin #318, 
Pitting and Other Treatments on Native Range are* 
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7. PITTING (OONT'D) 


1. Pitting has been the most economical of all the successful treat¬ 
ments tested. Grooving at 2-foot intervals or similar treatments 
can be expected to accomplish similar results to pitting, but at 
higher cost. 

2. Pitting serves to hold run-off during heavy rains. The actual 
holding capacity of the pits is about 1000 cubic feet per acre 
or the equivalent of 3/10's of an inch of rain. On some limited 
tests, pitting was found to increase the infiltration capacity 
of the range by over £0 percent. 

3. Pitting shortgrass range has increased grazing capacity about one- 
third and has resulted in average of 9 pounds more lamb per acre 
each year over the 10-year period. Even with the heavier stocking 
rate, pitting pastures had a 70 percent greater carryover of per- 
enial grass than did the check pastures. On another and earlier 
group of treated pastures, pitted and grooving supported 22 percent 
more grazing and 6 and 8 pounds more lamb per acre, along with 30 
and 50 percent more grass left at end of season. 

U. Ten years after pitting was installed, the pastures were still 
supporting more grazing, and the change in plant composition was 
persisting. 

5. Field trials of pitting on different soils and vegetative types 
indicate that this treatment can be expected to improve any short- 
grass type of range. The increase resulting from pitting may or 
may not be as great as the increase obtained in this study. Cli¬ 
matic conditions, application of the treatment, and other factors 
seem to influence plant response. In the field trials over the 
state, results indicate some sites with greater response than 
obtained in this study, and others with smaller increase. However, 
in no instance did pitting reduce forage production. Pitting on 
other range types failed to show any appreciable increase in for¬ 
age production. 

6. Pitting and seeding grass into the pits holds some promise as a 
reseeding method on sparsely covered sagebrush and desert sites. 

This operation applied to shortgrass range types failed to estab¬ 
lish any appreciable amount of the introduced grass". 

Level guide lines can be staked on regular terrace intervals, from 
which the pitter will work up half-way and down half-way. The irregular 
areas left between guide lines can be worked out the same as contour farm¬ 
ing on cultivated fields, keeping the pits as level as possible to store 
the most water. 

Some ranges can be renovated by mechanical treatment to catch and store 
water with simultaneous seeding of climax dominants. A seed box can be 
mounted on the pitter. Renovation of permanent tame, pastures is best accom¬ 
plished by complete preparation of a seed bed and pasture planting. Pitting 
may then follow decline in rigor of the stand, usually with addition of 
fertilizer. GPO 8QU 939 
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PART 20 
CONCRETE 
1. GENERAL 


Concrete is a mixture of aggregate, cement, and water. In properly 
made concrete each particle of aggregate, no matter how large or how 
small, is completely surrounded by paste and all spaces between aggregate 
particles are completely filled with paste. The aggregates are con¬ 
sidered as inert materials while the cement and water paste is the 
cementing medium which binds the aggregate particles into a solid mass. 
Therefore, the quality of the concrete is greatly dependent on the 
quality of the paste and the paste must have the strength, durability, 
and resistance to the passage of water required by the job. 

The cementing or binding properties of the paste are due to chemical 
reactions between the cement and water. These reactions require time 
and favorable temperature and moisture conditions. The reactions take 
place very rapidly at first and, under favorable conditions, continue 
more slowly for a long time. Although a relatively small amount of 
water is required to complete the chemical reactions, additional water 
is used for the sake of workability. With additional water, more 
aggregate can be used with resulting economy. As the paste is thinned 
with water, however, its quality is loweredj it has less strength and 
becomes less resistant to the elements. For successful results, then, 
a proper proportion of water to cement is essential. 

The paste ordinarily constitutes 22 to 3^4- per cent of the total 
volume of concrete. The absolute volume of cement is usually between 
7 and lU per cent and the water from 1 $ to 20 per cent. Thus, 66 to 
78 per cent of the concrete is made up of the aggregates. Since they 
constitute such a large part of the concrete, care in their selection 
is important. They should be graded to secure the best economy from 
the paste, they must be made up of particles having ample strength and 
resistance to exposure conditions, and they must not contain materials 
having injurious effects. 

An important use of concrete is in structures that are expected to 
have long life and low upkeep. An essential requirement of such concrete 
is high resistance to these conditions of exposure. The most destructive 
of the natural forces of weathering is freezing and thawing action while 
concrete is wet or moist, and is due to the expansion of water as it is 
converted into ice. If the paste in the concrete is of high quality, 
that is, made with a small amount of water, it will be much more resistant 
than if a larger amount of mixing water is used. 

To give maximum service and satisfaction, the concrete must be of 
good quality. Quality concrete is strong, durable, watertight, and 
possesses the other desirable characteristics of a construction material. 
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1. GENERAL (CONT'D) 

It is just as easy to make concrete of good quality which gives excellent 
service as to make concrete of poor quality which may give disappointing 
service. 


2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES 


The making of good concrete structures involves: 

1. Selecting ingredients 

2. Proportioning 

3. Mixing 

U. Constructing and bracing forms 
Cleanliness 

6. Reinforcing steel 

7. Placing concrete in forms 

8. Finishing 

9. Curing 

Selecting Ingredients 

The ingredients of concrete are Portland cement, water, and sand-gravel 
aggregate. 

Portland Cement . Portland cement is available from building material 
dealers and usually comes in paper sacks. Each sack contains 9h lbs. of 
cement, equal to one cubic foot in volume. Portland cement should be free- 
flowing powder when used. If it contains lumps that cannot be pulverized 
between thumb and finger, it should not be used. Portland cement should 
be stored in a dry place. 

Normally Type I or Type II cement is •used in small structures. There 
may be areas where it is necessary to use Type V portland cement. 

Type I - Normal portland cement. This is a general purpose cement, 
suitable for all uses when the special properties of the other types 
are not required. It is used in reinforced concrete structures, 
tanks and reservoirs, culverts, water pipe, masonry units and for 
all uses of cement or concrete not subject to special sulfate 
hazard or where the heat generated by the hydration of the cement 
will not cause an objectionable rise in temperature. 

Type II - Modified portland cement. This cement has a lower heat 
of hydration than Type I and generates heat at a slower rate. It 
also has improved resistance to sulfate attack. It is intended 
for use in structures of considerable size where cement of 
moderate heat and hardening will tend to minimize temperature 
rise, as in large piers, heavy abutments and heavy retaining 
walls when the concrete is placed in warm weather. In cold 
weather when the heat generated is of advantage. Type I cement 
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2. PRINCIPAL STEPS IN MAKING GOOD GONORETE STRUCTURES (OONT'P) 
Portland Cement (cont *d) 

may be preferable for these uses. Type II cement is also 
intended for places where added precaution against sulfate 
attack is important, as in drainage structures where the 
sulfate concentrations are higher than normal but are not 
unusually severe. 

Type V - Sulfate-resistant portland cement. This is a 
special cement intended for use only in structures exposed 
to severe sulfate action, such as in some areas having soils 
or waters of high alkali content. It has a slower rate of 
hardening than normal portland cement. 

Air-entrained portland cement. Types I and II are avail¬ 
able with very small quantities of certain air-entraining 
materials which are incorporated by intergrinding them 
with the clinker during manufacture. They are designated 
as Type IA and Type IIA. They have been developed to 
produce concrete resistant to severe frost action and to 
effects of applications of salt for snow and ice removal. 
Concrete made with these cements contains minute, well- 
distributed, and completely separated air bubbles. The 
bubbles are so minute it is estimated there are many 
billions of them in a cubic foot of the concrete. The 
entrained air is reflected in reduced weight of the 
fresh concrete. Best results are obtained when the air 
content is between 3 and 6 per cent. The reduction in 
weight will be not less than 3 lbs. per cubic foot nor 
more than 7-1/2 lbs. per cubic foot, since average 
concrete made without an air-entraining agent weighs 
about 15)0 lbs. per cubic foot and contains about 1 per 
cent air. The lower limit will give the required 
resistance to freezing and thawing under salt applica¬ 
tion but going beyond the upper limit is accompanied 
by an unnecessary reduction in strength without further 
improvement in durability. 

Type IA or Type IIA (air-entrained cements) should be used. 

Water . Mixing water should be clean and free from oil, alkali, 
or acid. In general, water that is fit to drink is suitable for 
mixing with cement. However, water with excessive quantities of 
sulfates should be avoided even though it may be fit to drink. 
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Aggregates. Sand-gravel should be clean and hard, free from dirt, 
oil, clay, and vegetable matter. Aggregates containing shales should not 
be used. These foreign materials are objectionable because they tend to 
prevent bond between the cement paste and aggregate, thereby resulting 
in low-strength concrete. Concrete made with dirty sand-gravel is 
likely to harden very slowly and often will not harden enough to serve 
its purpose. 

Fine aggregate consists of sand or other suitable fine material. A 
good concrete sand will contain particles varying uniformly in size 
from very fine up to l/h inch. In well-graded sand the finer particles 
help fill the spaces between the larger particles. Good gradation of 
sand from coarse to fine is important for the workability of the 
concrete. 

Coarse aggregate consists of gravel, crushed stone, or other 
suitable materials larger than l/k inch. Coarse aggregates that are 
sound, hard, and durable are best suited for making concrete. Those 
that are chemically reactive, soft, flaky, or wear away rapidly are 
unsatisfactory. 

The maximum size of coarse aggregate depends on the kind of work 
for which the concrete is to be used. Coarse aggregate up to 1-1/2 
inch in size, for example, may be used in a thick foundation wall or 
heavy footing. In walls, the largest pieces should never be more than 
l/£ the thickness of the finished wall section. For slabs the maxi¬ 
mum size should be approximately 1/3 the thickness of the slab. The 
largest pieces of aggregate should never be larger than 3/h of the 
width of the narrowest space through which the concrete w ill be 
required to pass during placing. This is usually the space between 
the reinforcing bars or between the bars and the forms. Coarse 
aggregate is well-graded when particles range uniformly from l/lj. inch 
up to the largest size that may be used on the kind of work to be 
done. 

The following are the maximum sizes of aggregates recommended: 


Thickness of Concrete 
Walls 

Size of 
Aggregates 

Thickness of Concrete 
Slabs 

U" 

CO 

2" 

S" 

1" 

2-1/2" 

6" 

1-1/8" 

3" 

7" 

1-3/8" 

3-1/2" 

8" and over 

1-1/2" 

U" 

Ii-l/2" and over 



Figure 20.1 Maximum Size of Coarse Aggregates 








20-5 


2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES (CONT'D) 
Aggregates (confd) 

Bank-run (dry pit) sand-gravel is quite likely to contain foreign 
materials and vegetable matter and should not be used without testing 
unless it is known that good concrete can be made from this material. If 
there is any doubt about the cleanness of the bank-run material, a sample 
test known as the silt test can be made to determine its suitability. 

It is made as follows: 

(1) Fill a fruit jar to a depth of 2 inches with a representative 
sample of the bank-run material. 

(2) Add water until jar is about 3/k full. 

(3) Shake vigorously for a minute or two—the last few shakes in 
a direction to level the material. 

(It) Allow the mixture to stand for about 1 hourj the silt will 
settle in a layer on top. 

(5) Measure the depth of the silt layer. 

If the silt layer is 1/8 inch or more in depth, the aggregate is 
■unsuitable for making concrete. Washed aggregates can usually be 
purchased from material dealers. It pays to buy aggregates known to 
make good concrete. 

Proportioning 

Strength, durability, and watertightness of concrete are controlled 
by the amount of water used per sack of cement. In general, the less 
water used the better the quality of the concrete, as long as the 
mixture is plastic and workable. Some concrete jobs must be stronger 
and more watertight than others; less water is used for such concrete. 

Allowing for Moisture in the Aggregates. Most sand-gravel aggre- 
gate contains some water. Therefore, allowance must be made for this 
moisture in determining the amount of water to add to the mix. 

Otherwise the mixes will contain more than the correct amount of water 
to get the quality of concrete desired. A simple test for determining 
whether clean or washed aggregate is damp, wet, or very wet is to 
press some together in your hand. If it falls apart when your hand 
is opened, it is damp; if it forms a ball which holds its shape, it 
is wet; if the sand-gravel sparkles and wets your hand, it is very 
wet. 


The amount of water to add when sand-gravel is dry, damp, wet, 
or very wet for various kinds of work is shown in Figure 20.2. In 
cases where sand and gravel are separate and batched by weight 
rather than volume, sufficient extra sand must be added to compensate 
for the moisture. 

Most mixers used on small jobs do not hold a full one-sack batch. 
It is necessary then to use 1/2, 1/3, l/k, or some other fraction of 


20-6 


2. PRINCIPAL STEPS IN MAKING GOOD CQNC'HETE STRUCTURES (CONT'D) 
Allowing for Moisture in the Aggregates (cont'd) 

a sack per batch. It is very important to control the proportions of 
water and cement in mixing concrete. This may be done by using the 
following proportions of water and cement for the particular size mixer 
and the moisture content of the sand and gravel: 


Design Mix Cement Per Quantity of Water to Add in Quarts 

Water Per Batch, Lb. When Sand-Gravel is 

Sack, Gal. Dry Damp Wet Very Wet 

_ (average) __ 

_ 1 / 2 -bag mixer 

£ U7 10 8-lA 6-1/2 U-3A 

6 _U7_12_10_8_6 


1/3-bag mixer 


£ 

31-1/3 

6-2/3 

£-1/2 

U-l/3 

3-1/6 

6 

31-1/3 

8 

6-2/3 

£-1/3 

k 

lA-hag mixer 

£ 

23-1/2 

£ 

U-l/8 

3-lA 

2-3/8 

6 

23-1/2 

6 

£ 

U 

3 


Figure- 20.2 Quantity of Water and Cement Per Batch 
for 1/2, 1 / 3 , and lA Bag Mixers 

For a 1/2-bag mixer with damp sand-gravel 10 qts. of water and h7 lbs, 
of cement are to be used to maintain the proportion of 6 gals, of water 
per sack of cement. Separate pails used for measuring water and cement 
are marked at the proper height when the first batch is made. All 
succeeding batches are made by filling the pails with water and cement to 
the marked levels. The proportion of water to cement is very important 
in securing quality concrete. 

Steps in Designing a Workable Mixture . A workable mix is one that 
is smooth and plastic and that will place and finish well. It should 
not be so thin that it runs or so stiff that it crumbles. It should be 
rather sticky when worked with a shovel or trowel. For most work a 
workable mix is one which is "mushy" but not "soupy." 

The first step is to determine the correct amount of water to use 
per sack of cement (£ to 6 total gallons of water per sack of cement) 
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2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES (CONT'D) 

Steps in Designing a Workable Mixture (cont >d) 

to produce a concrete that will withstand the weathering elements and 
service to which the concrete will be subjected in use. Care should be 
taken not to change this proportion as it controls the strength, 
durability, watertightness, and other desirable qualities of the 
concrete. 

One suggested mix for good concrete is as follows: One sack of 
Portland cement (l cu. ft.) to 2 cu. ft. of sand to 3-1/2 cu. ft, of 
gravel and the maximum of 6 gallons of water. Change proportions of 
aggregate slightly if necessary to get a workable mix. 

Air-Entraining Agents . Air-entraining admixtures used in concrete 
will improve the workability and durability, and in the case of exposed 
slabs will produce a concrete resistant to severe frost action. 

Properly proportioned air-entrained concrete contains less water 
per cubic yard than non-air-entrained concrete of the same slump and 
has better workability. This results in a more solid, weather- 
resistant, blemish-free surface. It can be handled and placed with 
less segregation of materials, and it has less tendency to bleed 
(water gain at the top of concrete due to settlement of solids prior 
to initial set). 

These properties indirectly aid in promoting durability by 
increasing the uniformity of the concrete. 

When using air-entrained cements or admixtures containing air- 
entraining agents, care must be taken that the quantity of water in 
the concrete mix is adjusted to maintain the desired slump. Such 
mix design and adjustments should be made only by a qualified 
engineer or concrete technician. 

Because of its proven service record, both in the laboratory and 
field, and because of its increased workability and durability, air- 
entrained concrete is strongly recommended for all concrete, 
regardless of exposure conditions. Where concrete will be subjected 
to freezing and thawing, its use should be required. Close control 
must be maintained as excessive air entrainment will reduce the 
strength of concrete. The following percentages of air entrainment 
are recommended: 

Maximum Size Aggregate Entrained Air 

3A 5 to 7 per cent 

1 -1/2 in. U to 6 per cent 
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2. PRINCIPAL STEFS IN MAKING GOOD CONCRETE STRUCTURES (CONT»D) 
Air-Entraining Agents (cont'd) 

Unless a person has had experience with their use, accelerators, 
retarders, or antifreeze compounds should not be used; therefore, they 
are not recommended for general use. 

Mixing 

Importance of Mixing Ingredients Thoroughly . Cement paste (cement 
and waterj is the cementing material 'which upon hardening binds the 
aggregate particles together and gives concrete its strength, durability, 
and watertightness. Continue mixing for at least 1 minute and preferably 
up to 3 minutes after all materials have been placed in the mixer. Well- 
mixed concrete will have a uniform color. 

Type of Mixer to Use. A machine mixer of the drum type is best. It 
should be run at a speed slow enough to allow time for the materials to 
fall away from the top of the drum as it revolves. Avoid overloading 
the mixer, for this prevents proper mixing action. If the mixer is of 
the barrel type, adjust it to run in as nearly a horizontal position as 
possible without spilling water during mixing. 

Constructing and Bracing Forms 

Forms Should be Well Made . Forms must be substantial enough to 
retain their correct shape when filled, for freshly mixed concrete exerts 
great pressure. It is not enough that forms be strong, they must also 
be rigid. Disappointment will result if one finds after concrete is 
placed that the forms are bulged. If the forms are not tight, the 
escape of the water-cement paste from small openings may result in 
honeycombing or a loss of water which may cause sand streaking. 

Forms should be constructed so they can be easily filled and 
easily removed after the concrete has hardened. Double-headed nails 
or screws which can be withdrawn readily will assist greatly in 
removing forms without damaging the new concrete. 

Materials for Making Concrete Forms . Wood and metal materials are 
suitable for concrete forms. 

Lumber used for forms should be sound and free from knotholes and 
decay. Concrete-form-grade plywood makes excellent forms. Sheathing 
lumber, dressed on at least one side and both edges, is also recom¬ 
mended. Where smooth, true surfaces are required, it is best to use 
lumber that is dressed on all four sides. Tight joints are obtained 
by using tongue and groove stock or shiplap. Use lumber of commercial 
length and widths that will be most suitable. 
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2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STHUCTUHES (OONT'D) 



The sketch shown in Figure 20.U shows an example of a method for building 
forms for a small structure. By following the information in Figure 20.3, 
the proper spacing for studs, wales, and form ties can be determined. The 
example gives the procedure for the use of the table in Figure 20.3 


50° Minimum Setting Temperature 70° 



Spacing of Studs for Safe Value of Sheathing 



Spacing of Wales for Safe Value of Studs 



Spacing of Ties for Safe Value of Wales 





Figure 20.3 Spacing Data for Form Lumber and Form Ties 


























2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES (CONT r D) 
An Example 
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Problem 


Determine the proper spacing of the studs, wales, ties, and the unit 
load per tie where the following conditions are known: 

1 , Sheathing - 3 A", studs - 2X1;, wales—double 2X1;. 

2, Rate of pour I; feet per hour. 

3, Setting temperature of concrete—70°. 

Solution 


To the right in Figure 20.3, the table is based on a setting 
temperature of 70° (meeting condition 3). In the table, columns are 
given for rates of pour varying from 2* to 6*. We are only concerned 
with the rate of U feet per hour, and the third column shows the correct 
spacing of the studs, wales, and ties at this rate. Thus by reading 
down this column under the heading "Spacing of Studs" and opposite 
"spacing for 3/h" sheathing," the spacing of the studs is 20"; 
continuing under the heading "Spacing of Wales" and opposite "2X1; studs, 
3A" sheathing," the spacing of the wales is 29"; and under "Spacing 
of Ties," opposite "Double 2X1; wales, 2X1; studs, 3A" sheathing," the 
spacing of the ties is 30 ". 

The total load per tie is obtained by multiplying the maximum 
pressure per square foot (££0 lbs.) found at the top of the column by 
the area supported by the tie. [Spacing of the wales 29" (2.U2*), 
times the spacing of the ties 30" (2.5')]. Thus 550 lbs. x 2.1;2 x 2.5 = 
3,327.5. 

Should the recommended working load of the tie selected be under 
3,000 lbs., the spacing between the ties is decreased accordingly. 

This is determined by dividing the working load of the tie by the 
product of maximum pressure per sq. ft. (in this case 550 lbs.) and 
wale spacing expressed in feet. Thus, if a 3,000 lb. tie is used, 
the proper spacing is 3,000 * (550 x 2.U2') = 2 . 25 * (26"). 

This simple problem with its corresponding solution illustrates 
the proper use of the tables. 

Care in Using Forms . To prevent concrete from sticking to the 
forms and to make form removal easy, it is customary to oil form faces 
which come in contact with concrete. A light, clear lubricating oil 
is suitable. Commercial form oil is available from most suppliers. 

For easy brushing, the oil should be cut with about an equal amount of 
kerosene. Forms should be cleaned and oiled each time they are used. 
Dry, untreated wood forms will absorb water from the concrete, often 
leaving the concrete surface too dry for best results. Forms may 
warp badly unless oiled. 
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2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES (CONT'D) 
Care In Using Forms (cont’d) 

To hold opposite form faces of walls the correct distance apart, best 
results are obtained by using spreader ties. Many form ties on the market 
today are usable as a combination spreader and form tie. One style is 
manufactured so that it may be twisted or broken off in the concrete 
about 1 inch back of the surface. Another style is the male bolt system 
shown in Figure 20.£. In this type of form tie an anchor is left embedded 
in the concrete, but the special self-cleaning bolt is salvaged for re-use. 
Wire ties should not be used. Holes are patched by forcing in a wet 
mortar made with the same proportions as the sand and cement as was used 
in the concrete. To prevent patched areas from appearing darker than 
the wall, from l/U to 1/2 the cement used in patching should be white 
Portland cement. 

In summer, wall forms generally can be stripped (removed) after 1 or 
2 days and in cold weather in U to 7 days. Forms must never be removed 
until it is certain that the concrete has hardened enough to be self- 
sustaining. 

Ready-Mixed Concrete . In many areas ready-mixed concrete may be 
purchased from a central plant. In some instances the concrete is mixed 
completely in a stationary mixer and the mixed concrete is transported 
to the job in agitator trucks or transit mixer trucks operated at 
agitator speed. 

In some ready-mixed operations the materials are dry batched at the 
central plant and then mixed enroute to the job in truck mixers. In 
another procedure, referred to as shrink-mixing, the concrete is mixed 
in a stationary mixer at the central plant only sufficiently to inter¬ 
mingle the ingredients, generally about 1/2 minute. The mixing is 
then completed in a truck mixer enroute to the job. 

Truck mixers consist essentially of a mixer with separate water 
tank and water-measuring device mounted on a truck chassis. They are 
usually made with capacities of 1 , 1-1/2, 2, 3> U* and $ cu. yd. 

Agitator trucks are similar but without provisions for water. 

When a truck mixer is used either for complete mixing or to finish 
the partial mixing, each batch of concrete is to be mixed not less than 
nor more than 100 revolutions of the drum or blades at the rate of 
rotation designated by the manufacturer as mixing speed. Any additional 
agitating for mixing is to be done at the speed designated by the 
manufacturer as agitating speed. The concrete must be delivered and 
discharged from the truck mixer or agitator truck within 1-1/2 hours 
after introduction of the water to the cement and aggregate or the 
cement to the aggregate. Prolonged or excessive mixing will generate 
heat to increase the temperature of the concrete mix. In warm 
weather the concrete mix temperature should be maintained in the 
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2, PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES (CQNT'P) 
Heady-Mixed Concrete (cont 1 d) 

70° to 80° F. range so far as practical. This may be accomplished by 
(l) using cold mixing water or ice, (2) keeping materials as cold as 
practicable by shading or spraying aggregate piles to provide evapora¬ 
tion cooling, (3) painting mixing drums white and keeping them white. 

Reinforcing Steel 


Placing. Before any concrete is placed, the reinforcement should 
be checked for size, bending, spacing, location, firmness of installa¬ 
tion, and surface condition. Before reinforcement is placed, the 
surface should be free from objectionable coatings, particularly heavy 
corrosion caused by out-of-door storage. A thin adherent film of rust 
or mill scale is not considered to be seriously objectionable. Loose 
rust or scale, which can be removed by rubbing with burlap or by other 
effective means, should be removed. Other objectionable coatings 
likely to be found on parts of the reinforcement are paint, oil, 
grease, dried mud, and weak dried mortar which has been splashed on 
the bars ahead of concrete being placed. 

Reinforcement should be properly spaced, spliced and anchored, 
embedded a minimum distance from the surface ] and accurately located 
and firmly held. Except where shown on the plans, no splices of 
reinforcement should be made without the approval of the engineer. 

At splices the bars should be lapped 30 diameters to transfer the 
stress by bond and shear. All the steel reinforcement should be 
accurately located in the forms and firmly held in place before and 
during the placing of concrete by means of small concrete blocks, 
spacer bars, wires, or other devices adequate to insure against 
displacement during construction and to keep the steel at the proper 
distance from the forms. The use of rocks, wood blocks, or other 
unapproved objects to support the steel should not be permitted. 

In general, horizontal bars should be supported at intervals not to 
exceed 5 or 6 feet. Small precast concrete blocks make excellent 
supports especially with wire ties embedded. Wire used in tying 
bars should not be smaller than 18 gage. Where wire ties are used, 
the twisted ends should be made to project away from the exterior 
surface. Steel may be spot-welded in lieu of tying. 

During the concreting the reinforcement, especially the light 
"temperature steel," is likely to become displaced. Constant 
attention is required to detect and correct any displacement of 
reinforcement. 

Placing Concrete 

The concrete mixture should be placed in the forms just as 
soon as possible and not longer than 1-1/2 hours after mixing. 
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2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES (CONT'D) 

Transporting Concrete to Forms. On small jobs wheelbarrows are the 
usual means of transportation. Si larger jobs buggies and chutes are 
commonly used. Whatever method is Used, care should be taken to prevent 
segregation or separation of coarse from fine particles. Such separation 
is likely to occur when concrete is transported over rough ground or 
runways. Avoid "sloppy" mixtures because they segregate badly. 

Placing Concrete Mixtures in Forms . All foreign material, such as 
chips, blocks, sawdust, dried mortar, and dirt, shall be removed from 
within the forms. In deep, narrow forms it may be necessary to have 
inspection openings so that any foreign material can be readily removed. 
Doors to close these openings should be built before concreting 
operations are started. 

The concrete should not be allowed to drop freely more than k or 
£ feet. In thin sections, drop chutes of rubber or metal should be used. 

In narrow wall forms the metal drop chutes may be made rectangular to fit 
between reinforcing steel. 

Concrete is sometimes placed through openings, popularly referred to 
as "windows," in the sides of tall, narrow forms. When a chute discharges 
directly through the opening, there is danger of segregation. An outside 
pocket permits the concrete to flow through the opening and there is much 
less tendency to segregate. In high walls, 10 feet or more, the concrete 
should be placed to a point about 1 foot below the top and an hour or so 
allowed for settling. Concreting should be resumed before set occurs to 
avoid a joint. 

Deposit the concrete in level layers not more than 12 inches deep at 
one time, tamping and spading just enough to make it settle thoroughly 
and produce a dense mass. Working the concrete next to the forms insures 
an even, dense surface when forms are removed. 

Internal mechanical vibrators may be used within the concrete. This 
process should eliminate pockets and large bubbles of air, consolidate 
each layer with that previously placed, completely embed reinforcing and 
fixtures, and bring just enough fine material to the faces and top surfaces 
to produce the proper finish. Vibration itself does not make concrete 
stronger, more watertight, or more resistant to deteriorating forces. It 
does permit the use of stiffer, harsher mixes; thus, either mixes of lower 
water content or leaner mixes for a given water content can be used. If 
less water is used, the concrete will be of better quality; if leaner 
mixes are used, the concrete will be more economical. 

It is just as important to prevent segregation in the forms as it is 
when transporting the concrete from the mixer to the forms. Depositing 
the concrete uniformly within the forms where it is to be used rather 
than placing it at a few points and dragging it or causing it to flow 
where needed helps prevent segregation and honeycombing. 
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2. PRINCIPAL STEPS IN MAKING GOOD CONCRETE STRUCTURES (CONT'D) 


Placing Concrete Mixtures in Forms (cont'd) 

Further care is required to see that the material is properly worked 
into the corners and angles of forms and, in reinforced work, around 
reinforcement. 

If the mixture becomes sloppy as the forms are filled, use a stiffer 
mixture. The consistency should be changed by adjusting the amounts of 
coarse and fine aggregate, not the water. 

Joining New Work to Concrete Placed Previously . At the end of the 
day's run or where the work must be stopped long enough for the concrete 
to begin hardening, roughen the top surface just before it hardens to 
provide a good bond for the next layer of concrete. Just before resum¬ 
ing the placing of concrete, clean the roughened surface and then 
brush it with a cement-water paste of thick, creamy consistency. 

Apply this paste in a thick brush coat just ahead of the concrete 
operation so that it does not have a chance to dry before it is 
covered with concrete. In deep forms it may be necessary to drop the 
paste on the joint. This precaution to get a good bond between 
different layers of concrete is very Important wherever the concrete 
construction is to be watertight. 

Finishing 


To finish the fresh concrete, it is struck off flush with the 
top of the forms as soon as it is placed; then the wood float is 
used to make an even surface. The newer magnesium float produces a 
superior finish for finishing air-entrained concrete. 

The final finishing is delayed until the concrete hardens enough 
to become quite stiff; then finishing with a wood float results in 
a uniform gritty surface. 

Surface water should be avoided. However, when a small amount 
is present, it should be allowed to evaporate before finishing. If 
there is considerable water, it is removed with a broom, belt, float, 
or other convenient means. It is never good practice to sprinkle 
dry cement or a mixture of cement and fine aggregate on fresh 
concrete to take up surface water; such fine materials form a layer 
on the surface that is likely to dust or hair check when the concrete 
hardens. 

For a smooth finish follow the wood float with a steel trowel 
after the surface has become quite stiff. Excessive troweling or 
the use of the steel trowel before the mix has become stiff is 
likely*to produce surfaces that dust or develop fine cracks. Use 
the steel trowel sparingly. 



2, PRINCIPAL STEFS IN MAKING GOOD CONCRETE STRUCTURES (CONT'P) 


Curing 


Necessity for Curing Concrete Properly , Proper curing of concrete 
increases its strength, durability, and watertightness. 

Concrete hardens because of chemical reaction between portland 
cement and water. Hardening continues at. long as temperatures are 
favorable and moisture is present to hydrate the cement. 

Moist curing greatly increases the strength of concrete. Concrete 
damp-cured for 7 days will be approximately $0 per cent stronger than 
similar concrete which is permitted to dry out. Concrete damp-cured 
for 1 month will be approximately 100 per cent stronger than similar 
concrete exposed to dry air. The strength of damp-cured concrete is 
influenced by the length of time the concrete is kept damp. It also 
hardens faster at higher temperatures. Concrete cured at 70° F. 
generally hardens more than twice as fast as concrete cured at a 
temperature slightly above freezing. 

Thorough moist-curing aids in producing watertight concrete. As 
the cement paste in concrete hardens, additional solid matter is 
formed. This paste closes off the space between the cement particles 
through which water might otherwise seep. The more complete the 
hydration or the hardening process, the denser and more watertight 
becomes the cement paste. 

Increased resistance to wear also results from proper curing. 

This emphasizes the importance of damp-curing surfaces subject to 
wear. Continuous damp-curing, particularly in the early stages of 
hardening, helps to get a hard, dense surface and reduces checking 
and dusting. 

Common Methods Used in Curing Concrete . The concrete should be 
covered with wet burlap, canvas, sand, or straw as soon as it can be 
done without marring the surface. Keep the covering continuously 
wet by sprinkling. When a cover is not used, wetting should be 
started as soon as possible after finishing, and the surface should 
not be permitted to dry during the curing period. Alternate cycles 
of wetting and drying of green concrete is conducive to crazing or 
cracking of the surface. Flat surfaces require careful attention 
since the relatively large exposed surface loses moisture very 
rapidly by evaporation. Ponding (flooding) is a good method of 
curing flat surfaces. The surface to be cured is surrounded by 
small earth dikes and then kept flooded with water. 

Walls and other vertical surfaces can be protected by leaving 
the forms in place temporarily, or by hanging canvas or burlap 
over them. Such coverings should be kept constantly moist by 
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2, PRINCIPAL STEPS IN MAKING GOOD COfrOETE STRUCTURES (CCWFP) 

Common Methods Used In Curing Concrete (cont *d) 

sprinkling. Curing should continue for at least 7 days, and for longer 
periods of time when it is practical to do so. 

If sealing curing compounds are used, they should be of black or 
white pigmented coatings. By using colored curing compounds, it is 
much easier to see how complete a coverage of the concrete surface 
is being obtained. It is very important to have complete coverage to 
prevent the escape of water that is in the fresh concrete. Some of 
them are applied in one coat, but two coats will give better results. 
The application should be made immediately after the concrete has been 
finished. If there is any delay, the concrete should be kept moist 
until the application is made. On formed surfaces, the forms should 
be removed, the concrete sprayed lightly with water, and then the 
sealing compound applied. 

Hot Weather . In extremely hot weather certain precautions should 
be taken to avoid high temperatures in the fresh concrete. High 
temperatures cause rapid stiffening. They also increase the danger of 
the hardened concrete cracking due to thermal contraction upon cooling. 

Keeping aggregate stockpiles moistened with cool water will assist 
in lowering the temperature. Ice may be added to the mixing water. 

Subgrades on which concrete is to be placed should be saturated 
some time in advance and then sprinkled just ahead of the placing 
operation. Wood forms should be thoroughly wetted if they have not 
been otherwise treated. The fresh concrete should be shaded as soon 
as possible after finishing and moist curing should be started early— 
as quickly as it can be done without marring the surface. In some 
extreme instances, placing of concrete is discontinued during the 
hottest part of the day. Attention to curing is even more important 
than under normal conditions to avoid rapid drying. 

Cold Weather . In cold weather construction it is often necessary 
to heat -the materials and to cover the fresh concrete or to provide 
a heated enclosure. The hydration of the cement causes some heat to 
be generated^ if this heat is retained, it raises the temperature of 
the concrete. The effect of this heat depends largely on the shape 
and size of the structure. In large members the heat will be retained 
longer than in small structures. It is difficult, therefore, to set 
down hard and fast guides to cover all cases. Usually, in cold 
weather, the concrete in ordinary reinforced concrete structures 
should be placed at a temperature of approximately 70° F. In no case 
should be materials be heated to the point that the temperature of 
the fresh concrete is above 80° F. Excessive heating lowers the 
strength of the concrete. 
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Cold Weather (conMd) 

In relatively mild weather, that is, when the temperature is generally 
above U0° to k%° F. with only short periods below this range, heating only 
the mixing water usually will be sufficient to provide the desired 
temperature in the concrete. More heat units can be stored in the water 
than in the other materials and it is also the most convenient material 
to heat. 

After concrete is in place, it should be kept at a favorable 
temperature long enough to avoid injury by exposure to the atmospheric 
temperature. In general, the air surrounding the concrete should be 
maintained at or above £0° for the first £ days after placing for normal 
concrete, or at or above E>0° for 3 days when high-ear ly-strength concrete 
is used. These are minimum requirements as far as exposure to low 
temperatures is concerned. Where damp-curing is required, protection 
against low temperatures must be extended for the full curing period. 

In mild weather a covering of tarpaulins may be enough protection. 

A layer of straw covered with tarpaulins will protect against more 
severe conditions, but an enclosure of tarpaulins or other weather 
tight material with artificial heat is necessary to provide proper 
protection in many cases. Unit heaters or oil-burning salamanders are 
used for heating. The enclosure must be constructed so that air can 
circulate outside the outer edges and members. Heating elements must 
be placed so that these outside members are protected. Precautions 
are necessary to prevent rapid drying of the concrete, especially near 
the heating elements. If necessary, these elements should be elevated 
and the concrete near them protected with sand kept constantly wet. 

Concrete should not be placed on a frozen subgrade. When such a 
subgrade thaws, there is likely to be uneven settlement and cracking of 
the concrete member it supports. The insides of forms, reinforcing 
steel and embedded fixtures should be free of ice at the time concrete 
is placed. A thin layer of warm concrete should not be placed on cold, 
hardened concrete for the thin upper layer will shrink as it cools and 
the lower layer will expand as it warms; bond failure will result. 

The temperature of the fresh concrete should be as near that of the 
hardened concrete as possible. This may require wanning of the 
hardened concrete. 

Too rapid cooling of the concrete at the end of the protection 
period should be avoided. Sudden cooling of the surface while the 
interior is still warm may cause stress sufficient to crack the 
concrete. Cooling at the rate of about 20° in 2l| hours is satis¬ 
factory. Gradual cooling can be accomplished by shutting off the 
heat and allowing the enclosure to cool to approximately outside 
temperature before the coverings are removed. 



